


THE 
BIOLOGICAL BULLETIN 


PUBLISHED BY 
THE MARINE BIOLOGICAL LABORATORY 


Editorial Board 


GarY N. CALKINS, Columbia University E. E. JUsT, Howard University 

E. G. CONKLIN, Princeton University FRANK R. LILLIE, University of Chicago 

E. N. HARVEY, Princeton University CARL R. MOORE, University of Chicago 

SELIG HECHT, Columbia University GEORGE T. MOORE, Missouri Botanical Garden 
LEIGH HOADLEY, Harvard University T. H. MORGAN, California Institute of Technology 
M. H. JACOBS, University of Pennsylvania G. H. PARKER, Harvard University 

H. S. JENNINGS, Johns Hopkins University EDMUND B. WILSON, Columbia University 


ALFRED C. REDFIELD, Harvard University 
Managing Editor 


VOLUME LXXV 


AUGUST TO DECEMBER, 1938 


Printed and Issued by 
LANCASTER PRESS, Inc. 
PRINCE & LEMON STS. 
LANCASTER, PA. 





? f 
THE Bionosta QULLETIN is issued six times a year. Single 
numbers, $1.75 Subscription per volume (3 numbers), $4.50. 


Subscriptions and..gther matter should be addressed to the 
Biological Bulletin, Prince and Lemon Streets, Lancaster, Pa. 
Agent for Great Britain: Wheldon & Wesley, Limited, 2, 3 and 
4 Arthur Street, New Oxford Street, London, W.C. 2. 


Communications relative to manuscripts should be sent to 
the Managing Editor, Marine Biological Laboratory, Woods 
Hole, Mass., between June 1 and October 1 and to the Institute 
of Biology, Divinity Avenue, Cambridge, Mass., during the re- 
mainder of the year. 


Entered October 10, 1902, at Lancaster, Pa., as second-class matter under 
Act of Congress of July 16, 1894. 


LANCASTER PRESS, INC., LANCASTER, PA. 





EDITOR'S NOTE 


Through an error, the title of the abstract by A. A. Schaeffer 


on p. 374 of the October issue was incorrectly printed. Phe 


correct title should be: “ Differences between Scottish ah Ameri- 
can amebas of the species Chaos diffluens weet “ Chaos 
chaos Miller.” . 
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II. BY-LAWS OF THE CORPORATION OF THE MARINE 
BIOLOGICAL LABORATORY 


I. The annual meeting of the members shall be held on the second 
Tuesday in August, at the Laboratory, in Woods Hole, Mass., at 11.30 A.M., 
daylight saving time, in each year, and at such meeting the members shall 
choose by ballot a Treasurer and a Clerk to serve one year, and eight Trustees 
to serve four years. There shall be thirty-two Trustees thus chosen divided 
into four classes, each to serve four years, and in addition there shall be two 
groups of Trustees as follows: (a) Trustees ex officio, who shall be the 
President of the Corporation, the Director of the Laboratory, the Associate 
Director, the Treasurer and the Clerk; (6b) Trustees Emeritus, who shall be 
elected from the Trustees by the Corporation. Any regular Trustee who 
has attained the age of seventy years shall continue to serve as Trustee 
until the next annual meeting of the Corporation, whereupon his office as 
regular Trustee shall become vacant and be filled by election by the Cor- 
poration and he shall become eligible for election as Trustee Emeritus for 
life. The Trustees ex officio and Emeritus shall have all rights of the 
Trustees except that Trustees Emeritus shall not have the right to vote. 

The Trustees and officers shall hold their respective offices until their 
successors are chosen and have qualified in their stead. 

II. Special meetings of the members may be called by the Trustees to 
be held in Boston or in Woods Hole at such time and place as may be 
designated. 

III. Inasmuch as the time and place of the Annual Meeting of Members 
is fixed by these By-laws, no notice of the Annual Meeting need be given. 
Notice of any special meeting of members, however, shall be given by the 
Clerk by mailing notice of the time and place and purpose of said meeting, at 
least fifteen (15) days before such meeting, to each member at his or her 
address as shown on the records of the Corporation. 

IV. Twenty-five members shall constitute a quorum at any meeting. 

V. The Trustees shall have the control and management of the affairs 
of the Corporation; they shall present a report of its condition at every 
annual meeting; they shall elect one of their number President of the Cor- 
poration who shall also be Chairman of the Board of Trustees; they shall 
appoint a Director of the Laboratory; and they may choose such other officers 
and agents as they may think best; they may fix the compensation and 
define the duties of all the officers and agents; and may remove them, or 
any of them, except those chosen by the members, at any time; they may 
fill vacancies occurring in any manner in their own number or in any of 
the offices. They shall from time to time elect members to the Corporation 
upon such terms and conditions as they may think best. 

VI. Meetings of the Trustees shall be called by the President, or by 
any two Trustees, and the Secretary shall give notice thereof by written 
or printed notice sent to each Trustee by mail, postpaid. Seven Trustees 
shall constitute a quorum for the transaction of business. The Board of 
Trustees shall have power to choose an Executive Committee from their 
own number, and to delegate to such Committee such of their own powers 
as they may deem expedient. 
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VII. The accounts of the Treasurer shall be audited annually by a 
certified public accountant. 

VIII. The consent of every Trustee shall be necessary to dissolution 
of the Marine Biological Laboratory. In case of dissolution, the property 
shall be disposed of in such manner and upon such terms as shall be de- 
termined by the affirmative vote of two-thirds of the Board of Trustees. 

IX. These By-laws may be altered at any meeting of the Trustees, pro- 
vided that the notice of such meeting shall state that an alteration of the 
3y-laws will be acted upon. 

X. Any member in good standing may vote at any meeting, either in 
person or by proxy duly executed. 


IV. THE REPORT OF THE TREASURER 


To THE TRUSTEES OF THE MARINE BIOLoGIcAL LABORATORY : 

Gentlemen: Herewith is my report as Treasurer of the Marine Bio- 
logical Laboratory for the year 1937. 

The accounts have been audited by Messrs. Seamans, Stetson and 
Tuttle, certified public accountants. A copy of their report is on file 
at the Laboratory and is open to inspection by members of the Corpora- 
tion. 

At the end of the year 1937, the book value of the Endowment 
Funds in the hands of the Central Hanover Bank and Trust Company 
as Trustee, was 


Gremeral Fmd, SOCMIES ook cc code cc ceectsoncces $ 915,302.04 
EIN sina: dutrs cents gabe ieiaetate 9,595.71 
Pe errr ace hee cine his She ee a 867.87 
Cee: FE, ED oi 5 pbbn vb en ecareresdsences 174,141.23 
INS, ot ert Gls os er he ie 20,000.00 
RS st re ee ae ee ee atenaanne 102.85 


$1,120,009.70 
The income collected from these Funds was as follows: 


Ce PI ak 6.5. 5 hE SRSA ROSA $39,945.92 
ER EE ic cowie aw sberes ee Rindss Snes eddbsnaeerns 7,345.93 


$47,291.85 


Of this $4,899.39 represented the collection of arrears of interest 
outstanding at the beginning of 1937, reducing this item to 


a: GE FI 6 056 0:0 60606 0)4 0 bbb ch dnSonsianwe $10,105.86 
PE EOP PE 4. 6 inh 0s5.08sende eee corneas 2,650.00 


$12,755.86 
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The dividends from the General Biological Supply House amounted 
to $10,160. 
Retirement Fund. A total of $4,060 was paid in pensions. The 
Fund at the end of the year consisted of securities of the book value 
$15,769.01 
Real Estate 2,260.00 
212.82 $18,241.83 


The interest in arrears has been reduced to less than $5.00. 
Plant Assets. The land (exclusive of Gansett and Devil’s Lane), 
buildings, equipment and library, represented an investment of 
$1,777 408.38 
less reserve for depreciation 495,772.66 $1,281,635.72 


Income and Expenses. "Expenses including $24,343.77 depreciation 
f > 


exceeded income by $4,370.22. 

There was expended from current funds net $19,549.01 for plant 
account, 

After careful consideration by the Executive Committee and the 


accountants the rate of depreciation was changed as follows: 


Old Rate New Rate 
per annum per annum 
Buildings 
Brick 
Wood, ete. 
Equipment 
Library 
Back sets oY none 


Other ( 21% 


\t the end of the year the Laboratory owed on mortgage $8,500, 
notes payable $10,500, and accounts payable $5,947.12. It had accounts 
and notes receivable of $13,562.36 and $12,298.54 in cash and bank 
accounts in its current assets. 

Following is the balance sheet, the condensed statement of income 
and outgo, and the surplus account all as set out by the accountants: 


EXHIBIT A 
MARINE BIOLOGICAL LABORATORY BALANCE SHEET, 
DECEMBER 31, 1937 


Assets 
Endowment Assets and Equities : 
Securities and Cash in Hands of Central Hanover 
sank and Trust Company, New York, Trus- 
tee—Schedules I-a and I-b $1,120,009.70 
Securities and Cash—Minor Funds—Schedule II . 8,513.51 $1,128,523.21 
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Plant Assets: 
Land—Schedule IV $ 110,884.58 


Buildings—Schedule IV 1,238,924.01 
Equipment—Schedule IV 162,833.58 
Library—Schedule IV 264,766.21 $1,777,408.38 


Less Reserve for Depreciation 495,772.66 


$1,281,635.72 
Cash in Dormitory Building Fund 223.24 
Cash in Reserve Fund 24.65 


Current Assets: 
Cash 12,298.54 
Accounts and Notes—Receivable 13,562.35 
Inventories : 
Supply Department $ 38,282.75 
Biological Bulletin 12,764.61 51,047.36 


Investments : 
Devil’s Lane Property ........ 43,916.11 
Gansett Property 5,718.49 
Stock in General Biological 
Supply House, Inc. ....... 12,700.00 
Securities and Cash—Retire- 
ment Fund—Schedule V .. 18,241.83 80,576.43 


Prepaid Insurance 3,657.61 
Items in Suspense (Net) 


Liabilities 
Endowment Funds: 
Endowment Funds—Schedule III .. $1,119,594.24 


Reserve for Amortization of Bond 
Premiums 415.46 $1,120,009.70 


8,513.51 


Plant Liabilities and Funds: 
Mortgage—Payable, Howes Property 5 8,500.00 
Notes—Payable a/c Bar Neck Property Purchase 8,500.00 
Donations and Gifts—Schedule III 1,034,699.61 
Other Investments in Plant from Gifts and Cur- 


rent Funds 230,184.00 


Current Liabilities and Surplus: 
Accounts—Payable 5,947.12 
Notes—Payable 2,000.00 


7,947.12 


Current Serplte—Eehitt 'C.. ...occecccscovscsecccccee 153,266.82 


$1,281,883.61 


$ 161,213.94 


$2,571,620.76 


$1,128.523.21 


$1,281,883.61 


$ 161,213.94 


$2,571,620.76 
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EXHIBIT B 


MARINE BIoLoGICAL LABORATORY INCOME AND EXPENSE, 
YEAR ENDED DECEMBER 31, 1937 
Total Net 


Expense Income Expense Income 


Income : 

General Endowment Fund ... $ 39,945.92 $ 39,945.92 

Library Fund 7,345.93 7,345.93 
Donations ... 36.68 36.68 
Instruction .... eels $ 8,219.29 10,005.00 1,785.71 
Research ...... Awan 4,281.68 16,695.00 12,413.32 
Evening Lectures .... 33.50 
Biological Bulletin and Member- 

SN TIMED cic cese 9,282.60 9,712.40 429.80 
Supply Department— 

SCRE VI nncccccss.se. GSE 39,640.88 4,229.05 
Mess—Schedule VII 28,051.56 28,647.58 596.02 
Dormitories—Schedule .. 25,813.00 13,264.18 12,548.82 

(Interest and Depreciation 

charged to above three 
Departments—See Sched- 
ules VI, VII, and VIII) 23,698.07 23,098.07 
Dividends, General Biological 
Supply House, Inc. 10,160.00 10,160.06 
Rents: 
Bar Neck Property ......... 3,973.95 3,973.95 
Bay Shore Property ........ 249.55 132.00 
Howes Property ............ 701.26 480.00 ‘ 
Janitor’s House ...... 18.85 360.00 341.15 
Newman Cottage eee 142.30 250.00 107.70 
Danchakoff Cottage ........ 282.79 750.00 467.21 
Sale of Duplicate Library Sets 153.04 153.04 
Interest on Notes—Receivable . 240.00 240.00 
Sundries cee ST 70.76 70.76 
Maintenance of Plant: 
Buildings and Grounds a 
Chemical and Special Appa- 
ratus Expense 
Library Expense 
Truck Expense ; ces 
Workmen’s Compensation In- 
surance “a ‘ a 472.30 
Sundry Expense : 46.17 
General Expenses : 
Administration Expense 14,713.71 14,713.71 
Endowment Fund Trustee and 
Safe-keeping 1,001.95 1,001.95 
Interest on Notes and Mort- 
gage—Payable ; 639.11 639.11 
Bad Debts 1,016.40 1,016.40 
Reserve for Depreciation 24,343.77 24,343.77 


$186,233.54 $181,863.32 $106,135.48 $101,765.26 
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Excess of Expenses over In- 

come carried to Current Sur- 

plus—Exhibit C 4,370.22 4,370.22 
$186,233.54 $106,135.48 


EXHIBIT C 
MARINE BIOLOGICAL LABORATORY, CURRENT SURPLUS ACCOUNT, 
YEAR ENDED DECEMBER 31, 1937 


Ses, DN Ut DUP ia.s vans cadens cueee ede ke ca eeekowsy beNeones $156,677.06 
Add: 


Reserve for Depreciation charged to Plant Funds 24,343.77 


$181,020.83 
Deduct : 
Payments from Current Funds during Year for Plant 
Assets as shown in Schedule IV, 
Land $ 1,135.19 
Buildings 361.17 
Equipment 3,823.32 
Library 14,388.83 


$19,708.51 
Less Received for Plant Assets Disposed of 159.50 


$19,549.01 
Pensions and Allowances Paid $4,060.00 
Expenses on account of Retirement Fund 
Securities 540.38 


$4,600.38 


Less Retirement Fund Income 765.60 3,834.78 


Excess of Expenses over Income as shown in Exhibit 


3 370.22 27,754.01 


Balance, December 31, 1937—Exhibit A $153,266.82 


Respectfully submitted, 
LAWRASON RIGGS, JR., 
Treasurer 
V. THE REPORT OF THE LIBRARIAN 

A report of the expenditure of the budget assigned in 1937 at the 
usual total of $18,800 is as follows: books, $163.58; serials, $5,229.29 ; 
binding, $1,430.77; express, $103.65; supplies, $402.71; salaries, $7,- 
150.00; back sets, $4,304.81; credit for sale of duplicates, $153.04; 
total, $18,631.77. The amount contributed by the Woods Hole Oceano- 
graphic Institution was separately accounted, $638.36. 
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Of the total number 1,330 current serials entered by the Library in 
1937, the Marine Biological Laboratory purchased 378, the Woods Hole 
Oceanographic Institution 40; exchanged using the “ Biological Bulle- 
tin” 621, using the Woods Hole Oceanographic Institution publica- 
tions 75; received as gifts 216, seven of the last as gifts to the Woods 
Hole Oceanographic Institution. The number of books purchased was 
47, eight of these out of the Woods Hole Oceanographic Institution 
budget. Gifts of 70 books came during the year, 34 from various pub- 
lishers, 13 from the authors to the Marine Biological Laboratory, 21 


from various sources, the greatest number having been presented by 
Prof. Frank R. Lillie, and 2 to the Woods Hole Oceanographic Institu- 
tion direct from the author. By purchase 24 back sets of serials were 
completed by the Marine Biological Laboratory, 1 by the Woods Hole 
Oceanographic Institution; 12 partially completed by the former and 


| by the latter. By exchange of duplicate serials 8 further back sets 
were partially filled in for the Library. 

The new reprints filed in 1937 totalled 7,042; current issues of 1936 
but received this year 685 and these added to 1936 receipts total 1,940; 
765 reprints current of 1937; reprints of earlier date, 4,337. Pro- 
fessor Frank R. Lillie presented 1,261 of these; Prof. E. W. Gudger, 
100; and several hundred were presented by Prof. G. C. Wheeler; the 
remainder came to us from authors who filled in complete or nearly 
complete sets of their early reprints for us. 

A summary of the above gives the interesting figures for the Li- 
brary holdings as 1,330 current serial publications, 2,705 current 
(1936-37) reprints; 90 current books; 25 back sets of serials com- 
pleted ; 4,337 old reprints and 10 old books received; total bound vol- 
umes now in the Library, 43,442; and total reprints 10 


VI. THE REPORT OF THE DIRECTOR 


To THE TRUSTEES OF THE MARINE BroLtocicAL LABORATORY : 


Gentlemen: I beg to submit herewith a report of the fiftieth session 
of the Marine Biological Laboratory for the year 1937. 

1. Attendance. Following an almost stationary registration of ap- 
proximately 315 investigators during the depression years of 1932 to 
1935 inclusive the attendance in 1936 showed a sharp increase, rising in 
that year to 359, which almost equalled the highest previous figure of 
362 in 1931. During the year covered by this report a further increase 
has brought the number of investigators to 391, the largest in the entire 
history of the Laboratory. When to this number is added that of the 
students in the courses, which as for many years past has been about the 
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maximum that can be accommodated in the various class-rooms, the to- 
tal attendance of 524 for 1937 is also seen to be the largest yet recorded, 
as is likewise the number of institutions represented (165 as compared 
with the next-highest figure of 158 in 1936). 

While this rapid growth of the Laboratory, and in particular the 
widespread nature of its present scientific connections with American 
and foreign educational institutions, is most gratifying, it at the same 
time raises several serious problems. As has been pointed out in pre- 
vious reports of the Director, neither the facilities of the Laboratory 
itself nor the living accommodations in the village of Woods Hole are 
such as to permit much further expansion; indeed, the registration for 
1937 seems already to have passed the figure which experience has 
shown to be the optimum under existing conditions. Since there are 
several possible ways of meeting this situation, which must be faced 
without delay, and since the policies now adopted by the Laboratory are 
likely to affect profoundly the character of its future development, it 
has seemed wise to refer the question of attendance, as well as several 
others of importance, to the special Committee on Policy to which fur- 
ther reference will be made below. 

The usual tabulation of the rise and fall of attendance by ten-day 
intervals for the past 10 years follows. 


1927 1928 1929 1930 1931 1932 1933 1934 1935 1936 1937 


May 30. 15 9 6 6 8 11 12 11 14 10 
June she 64 55 50 51 54 46 54 43 41 57 
_ eck acusk ie 140 139 153 153 127 129 137 127 142 145 
3 30. “ia 240 197 208 217 172 184 196 174 190 214 
July 281 238 253 258 225 235 249 226 242 285 
=" Ms hich 282 242 250 273 245 253 256 232 260 301 
¥ 30 5 272 249 253 281 248 255 248 257 272 320 
August 10... 250 256 254 302 257 261 264 245 282 311 
2) 20 wet 226 243 245 280 236 244 250 235 266 307 
30. ' 183 220 204 239 190 205 211 192 223 248 
September 10. a 112 157 122 136 129 117 93 94 121 126 
- 20. ; 43 59 44 69 58 45 38 26 47 39 

” ee 14 14 8 14 13 12 9 11 20 14 


2. The Report of the Treasurer. A comparison of the correspond- 
ing figures from the reports of the Auditors for 1936 and 1937 shows 
for the latter year a decrease in income from endowment of approxi- 


mately $2,900, the actual amounts received for the two years in question 
having been $50,192.56 and $47,291.85. When account is taken of the 
fact that of the total sum received in 1937 $4,899.39 represented the col- 
lection of arrears rather than regular interest, it is obvious that the 


Laboratory at present is attempting care for the needs of the largest 
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number of investigators in its history with an income from endowment 
approximately $15,000 below its pre-depression level. That difficulties 
have been encountered in so doing is not surprising; but that these 
difficulties have so far been surmounted is due to the fine spirit of co- 
operation shown by all the investigators in adapting themselves to 
changed conditions. However, in view of the fact that the recent de- 
cline in the rates of interest obtainable from sound investments shows 
no indication of a reversal or even of a complete arrest, it is obvious 
that one of the most urgent needs of the Laboratory at present is for 
an increase in its endowment funds sufficient to bring its income from 
this source back at least to its pre-depression level. 

Next in importance to its endowment as a source of income to the 
Laboratory are the subscriptions received from institutions and indi- 
viduals for research space. The amount received from these sources 
in 1937 shows an encouraging increase of approximately $2,500 over 
the previous year and of more than $4,000 over the lowest level reached 
during the depression. It should be noted, however, that the sum re- 
ceived in 1937, while the highest in six years, still falls short by almost 
$1,500 of that received in 1931 when the attendance was appreciably 
smaller. In the early days of the Laboratory it was only through the 
support received from subscribing and codperating institutions that its 
continued existence was possible. While in recent years the importance 
of this support may have seemed less obvious, it has in fact always been 
indispensable, and at no time more clearly so than at present. 

Of the other usual sources of income, more favorable figures are 
shown by the Mess and the dormitories for 1937 than for several years 
past. This improvement is partly a real one due to an actual increase 
in income, resulting from the increased attendance and in particular 
from a lengthening of the most active season. In part, however, it is 
one of bookkeeping, due to the adoption of a new method for the esti- 


mation of depreciation which seemed to the Auditors and to the Execu- 
tive Committee to be, on the whole, a fairer one than that previously 
used. This matter is discussed in considerable detail in a recent special 
report prepared by the Auditors, Messrs. Seamans, Stetson and Tuttle, 
which may be consulted for further information. 


As for a number of years past, dividends received from the General 
Biological Supply House have been of material assistance in compensat- 
ing for the decreases in sales by the Supply Department, which under 
the prevailing business conditions have been unavoidable. 

3. The Report of the Librarian. During the year 1937 the growth 
of the library has continued at a rate which in view of the diminished 
income of the Laboratory from endowment funds may be considered to 
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be very satisfactory. While purchases of ordinary books and of back 
sets of journals were of necessity considerably curtailed in 1937, there 
was only a very slight decrease in the number of journals currently re- 
ceived. It is to the large number and convenient arrangement of these 
journals and their back sets that the library of the Marine Biological 
Laboratory owes its unique value to workers in Biology and related 
fields. Another extremely valuable feature of the library is its ex- 
tensive collection of reprints which now exceeds 100,000, indexed and 
readily accessible to all workers at the Laboratory. The thanks of the 
Laboratory are due to those who in 1937, as well as in previous years, 
have generously contributed to this important collection. The follow- 
ing tabulation shows at a glance the character of the growth of the 
library during the past 10 years. 


1928 1929 1930 1931 1932 1933 1934 1935 1936 1937 


Serials received 

currently 874 985 1,060 1,080 1,126 1,137 1,197 1,271 1,339 1,330 
Total number of 

bound volumes. 26,500 28,300 31,500 33,800 36,000 37,400 38,600 40,200 42,000 43,400 
Reprints. 51,000 59,000 64,000 70,000 76,000 81,000 86,000 92,000 95,000 102,000 


4. Changes in Personnel. At the annual meeting of the Trustees 
held on August 10, 1937, the resignation as Director of Dr. M. H. 
Jacobs, who had become Associate Director of the Laboratory in 1925 
and Director in 1926 and who now wished to be able to devote a larger 
proportion of his time to scientific research and writing, was received, 
and was accepted with expressions of regret. At the same time formal 


approval was given to the action of the President in having appointed 


several weeks previously a Special Committee to deal with the situation 
thus arising, of whose existence he and the Executive Committee had 
already been informed. Authority was given by the Board of Trustees 
to this Committee, which consisted of Drs. Calkins, Irving, Jacobs, 
Morgan, Parker, Stockard, and Conklin, Chairman, together with the 
Executive Committee, to take such steps as might be necessary to fill 
the vacant position. After several meetings of the Special Committee, 
in consultation with the Executive Committee, during the late summer 
of 1937 it had not proved feasible to arrive at a complete solution of 
the problem, but the important step had been taken of selecting for the 
position of Assistant Director, which had been vacant since 1925, Dr. 
Charles Packard of Columbia University, a man whose personal quali- 
ties and scientific attainments and long experience with the affairs of 
the Laboratory admirably fitted him to take over the administrative 
duties given up by the retiring Director on January 1, 1938. 

5. The Board of Trustees. At the meeting of the Corporation held 
on Tuesday, August 11, Dr. T. H. Morgan, who as one of its most 
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distinguished members and as a Trustee since 1897 has contributed 
much to the present scientific standing of the Marine Biological Lab- 
oratory, was elected Trustee Emeritus. At the same meeting Dr. W. 
C. Curtis of the University of Missouri was chosen to fill the place thus 
created in the Class of 1941. 

It is a painful duty to record the loss by death in very close suc- 
cession in the spring of 1937 of three highly respected members or 
former members of the Board of Trustees: Dr. Milton Jay Greenman, 
who died on April 7, in his seventy-first year, Dr. William Morton 
Wheeler, who died on April 19, in his seventy-third year and Dr. 
Elias Potter Lyon who died on May 4, in his seventieth year. Suit- 
able memorials commemorating the scientific achievements, and in par- 
ticular the services to the Marine Biological Laboratory, of these three 
distinguished biologists will be presented at the next meeting of the 
Board of Trustees. 

6. Committee on Policy. Several very important questions, of 
which that of the rapidly increasing attendance and the need for larger 
endowment funds mentioned above are typical, have for some time 
seemed to demand for their proper solution the collective wisdom and 
experience of a considerable number of persons who by close personal 
association with the affairs of the Marine Biological Laboratory have 
become thoroughly acquainted with its peculiar problems. Accordingly, 
the Board of Trustees at its meeting on August 11, 1937 authorized 
the President to appoint a Committee on Policy, not to exceed nine 
members, to consider the present status of the Laboratory and its policy 
for the future and to report at the next annual meeting of the Trustees. 
The committee appointed by the President, consisting of Drs. Calkins, 
Curtis, Goodrich, Jacobs, Morgan, Parker, Redfield, Stockard and Conk- 
lin, Chairman, has already held several very profitable meetings, with 
further discussion of various matters by correspondence, and its final 
report is now in the course of preparation. 

7. Gifts. During the summer of 1937, Mr. Charles R. Crane, to 
whom the Laboratory is already so deeply indebted for material assist- 
ance and personal interest on numerous occasions in the past, added 
another much appreciated gift in the form of a very handsome sundial, 
in a setting appropriately beautified by plantings of grass and shrubs, 
opposite the main Brick Building by the side of Great Harbor. The 
sundial was designed by the late Professor Ernest Yalden, to whom it 
is a permanent and very fitting memorial. At the dedication exercises 
held in the Auditorium of the Laboratory on the morning of August 
23 after introductory remarks by Dr. Frank R. Lillie the speech of 


presentation was made on behalf of Mr. Crane by Dr. H. C. Bradley. 
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and the speech of acceptance on behalf of the Laboratory by Dr. E. G. 
Conklin. 

8. The Cedar Swamp. For many years an important collecting 
ground for certain types of biological material used by students in the 
courses as well as by investigators at the Laboratory has been the large 
Cedar Swamp lying to the southeast of the village of Woods Hole be- 
tween the Falmouth road and the railroad. Swamps of this type are 
highly characteristic of the Cape Cod region but, in their primitive condi- 
tion at least, are each year becoming more rare because of the cutting of 
timber, drainage, etc. When, therefore, during the past year an op- 
portunity arose to purchase the tract in question from the New York, 
New Haven and Hartford Railroad, advantage was taken of it without 
delay, in order to preserve for the future use of Woods Hole biologists 
this very interesting region. The tract in question has an area of about 
10 acres of which approximately half an acre is occupied by a shallow 
lake. Its greatest usefulness to the Laboratory both as a collecting 


ground and a suitable locality for future ecological studies will probably 


be secured by keeping it with a minimum of disturbance in its present 
wild condition. 

9. Lectures and Scientific Meetings. During the summer of 1937 
the number of regular evening lectures was 14, and in addition at 9 
less formal evening meetings 37 shorter papers were presented and dis- 
cussed. Of unusual interest was the final scientific meeting on August 
26th and 27th, which was devoted exclusively to reports on work accom- 
plished during the current season. The number of papers submitted 
for this meeting was so large that three full half-days were required 
for their presentation, with an additional half-day for demonstrations. 
Both in the number and excellence of its papers the 1937 meeting sur- 
passed any previously held. Abstracts of nearly all the papers pre- 
sented or read by title will be found in the October 1937 issue of the 
Biological Bulletin. Together they fill 38 pages of small print, and 
furnish very concrete evidence that the recent increases in attendance 
have not run ahead of the scientific productiveness of the Laboratory. 

In addition to its own scientific meetings the Marine Biological Lab- 
oratory also acted as host to the Genetics Society of America, when 
between August 30th and September Ist it held its fourth and in many 
respects its most successful Woods Hole summer meeting. 

There are appended as parts of the report: 

. The Staff, 1937. 
Investigators and Students, 1937. 
A Tabular View of Attendance, 1933-1937. 
Subscribing and Codperating Institutions, 1937. 
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. Evening Lectures, 1937. 
». Shorter Scientific Papers, 1937. 
. General Scientific Meeting, 1937. 
. Members of the Corporation, August, 1937. 
Respectfully submitted, 
M. H. JACOBS, 
Director. 


1. THE STAFF, 1937 


Merke H. Jacoss, Director, Professor of General Physiology, University 
of Pennsylvania. 
Associate Director: —— 


ZOOLOGY 


I. INVESTIGATION 


Gary N. Carxins, Professor of Protozodlogy, Columbia University. 

E. G. Conxuin, Professor of Zodlogy, Princeton University. 

CasweELi Grave, Professor of Zodlogy, Washington University. 

H. S. Jenninocs, Professor of Zodlogy, Johns Hopkins University. 

FRANK R. Li uiz, Professor of Embryology Emeritus, The University of 
Chicago. 

C. E. McCune, Professor of Zodlogy, University of Pennsylvania. 

S. O. Mast, Professor of Zodlogy, Johns Hopkins University. 

T. H. Morcan, Director of the Biological Laboratory, California Institute 
of Technology. 

G. H. Parker, Professor of Zodlogy Emeritus, Harvard University. 

E. B. Witson, Professor of Zodlogy Emeritus, Columbia University. 

LorANDE L. Wooprurr, Professor of Protozodlogy, Yale University. 


II. INstTRUCTION 


T. H. Bissonnette, Professor of Biology, Trinity College. 

P. S. Crowe t, Jr., Instructor in Biology, Miami University. 

C. E. Haptey, Associate Professor of Biology, New Jersey State Teachers 
College at Montclair. 

F. R. Kris, Assistant Professor of Zodlogy, Swarthmore College. 

S. A. Matruews, Associate in Anatomy, School of Medicine, University of 
Pennsylvania. 

L. P. Say.es, Assistant Professor of Biology, College of the City of New 
York. 

A. J. WATERMAN, Assistant Professor of Biology, Williams College 


Junior INSTRUCTORS 


A. M. Lucas, Associate Professor of Zodlogy, Iowa State College. 
J. S. Rankin, Teaching Fellow in Zodlogy, Amherst College. 
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PROTOZOOLOGY 
I. INVESTIGATION 


(See Zodlogy) 


II. INSTRUCTION 


Gary N. Carxins, Professor of Protozodlogy, Columbia University. 
ELIzABETH DrumtrRA HucueEs, Instructor in Zoology, Wilson College. 
G. W. Kipper, Instructor in Zodlogy, College of the City of New York. 


EMBRYOLOGY 
I. INVESTIGATION 
(See Zodlogy) 


II. INSTRUCTION 


L. G. Bartu, Assistant Professor of Zodlogy, Columbia University. 

Husert B. Goopricu, Professor of Biology, Wesleyan University. 

Viktor Hamburcer, Assistant Professor of Zodlogy, Washington Univer- 
sity. 

Cuartes Packarp, Assistant Professor of Zodlogy, Institute of Cancer 
Research, Columbia University. 

Oscar Scuotreé, Assistant Professor of Biology, Amherst College. 


PHYSIOLOGY 


I. INVESTIGATION 


Witt1AM R. Amserson, Professor of Physiology, University of Tennessee. 

Harotp C. Braptey, Professor of Physiological Chemistry, University of 
Wisconsin. 

Wa ter E. Garrey, Professor of Physiology, Vanderbilt University Med- 
ical School. 

Rapu S. Lire, Professor of General Physiology, The University of Chi- 


cago. 
AuBertT P. Matuews, Professor of Biochemistry, University of Cincinnati. 


II. INsTRUCTION 
Teaching Staff 
LAURENCE IrviNnG, Professor of Experimental Biology, University of To- 
ronto. 
Rosert CHAMBERS, Professor of Biology, New York University. 
J. K. W. Fercuson, Assistant Professor of Physiology, Ohio State Univer- 
sity. 
KENNETH C. FisHer, Instructor in Zodlogy, University of Maine. 
RupotF H6ser, Visiting Professor of Physiology, University of Pennsyl- 
vania. 
C. Lapp Prosser, Assistant Professor of Physiology, Clark University. 
Junior Instructors 


F, J. M. Stcuetr, Instructor in Physiology, Howard University School of 
Medicine. 
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BOTANY 


I. INVESTIGATION 


C. E. Atten, Professor of Botany, University of Wisconsin. 

S. C. Brooks, Professor of Zodlogy, University of California. 

B. M. Ducear, Professor of Physiological and Economic Botany, University 
of Wisconsin. 

Ivey F. Lewis, Professor of Biology, University of Virginia. 

Wo. J. Rossins, Professor of Botany, University of Missouri. 


II. INSTRUCTION 


WILLIAM RANbDOoLPH TayLor, Professor of Botany, University of Michigan. 
Francis Drovet, Research Fellow, Yale University. 
G. W. Prescott, Assistant Professor of Biology, Albion College. 


GENERAL OFFICE 


F. M. MacNauent, Business Manager. 
Potty L. Crowe tt, Assistant. 
Ep1tH Bitiincs, Secretary. 


RESEARCH SERVICE AND GENERAL MAINTENANCE 


SAMUEL E. Ponp, Technical Mer. Lester F. Boss, Technician. 
O. W. RicHaArps, Chemical Service. J. D. Granam, Glassblower. 
G. FartLia, X-ray Physicist. J. T. Stmonton, Assistant. 

T. E. Larkin, Superintendent. Evpert P. Littie, X-ray. 

W. C. Hemenway, Carpenter. R. T. Gorrin, Technical Ass'’t. 


LIBRARY 


Prisc1LLA B. Montcomery (Mrs. Thomas H. Montgomery, Jr.), Librarian. 
DesporaAH LAWRENCE, Secretary. 
Doris ENpREJAT, Mary A. Rowan, Assistants. 


SUPPLY DEPARTMENT 


James McInnis, Manager. Georrrey Leny, Collector. 
Mitton B. Gray, Collector. WALTER KAHLER, Collector. 
A. M. Hitton, Collector. RutuH S. Crowe tt, Secretary. 
A. W. Leatuers, Shipping Dept. Anna N. Hatt, Secretary. 


THE GEORGE M. GRAY MUSEUM 


Georce M. Gray, Curator Emeritus. 
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INVESTIGATORS AND STUDENTS, 1937 


Independent Investigators 


ABELL, RicHarp G., Fellow in Anatomy, University of Pennsylvania, School of 
Medicine. 

AprAmMowitTz, A. A., Research Assistant, Harvard University. 

Appison, Witu1AM H. F., Professor of Normal Histology and Embryology, Uni- 
versity of Pennsylvania. 

ALLEE, W. C., Professor of Zodlogy, The University of Chicago. 

AMBERSON, WILLIAM R., Professor of Physiology, University of Tennessee, School 
of Medicine. 

Anpverson, R. L., Professor of Biology, Johnson C. Smith University. 

ANDREW, WARREN, Teaching Fellow, University of Georgia, School of Medicine. 

APPEL, FrepericK W., Associate Professor of Biology, St. John’s College. 

ARMSTRONG, Puiuip B., Professor of Anatomy, University of Alabama Medical 
School. 

3AILEY, Percy L., Jr., Assistant Professor of Biology, College of the City of 
New York. 

3ALLARD, W. W., Assistant Professor of Anatomy and Biology, Dartmouth Col- 
lege. 

3ARGETON, DANIEL E., Assistant in Physiology at Faculty of Medicine, University 
of Paris. 

3ARTH, L. G., Assistant Professor of Zodlogy, Columbia University. 

BEADLE, G. W., Assistant Professor, Harvard University. 

BEAR, RicHarp §S., Research Assistant, Washington University. 

BENoIT, JACQUES, Department of Histology, Medical School, Strasbourg, France. 

3ISSONNETTE, T. Hume, Professor of Biology, Trinity College. 

BocDANoviTcH, SINISHA B., Assistant in the Department of Pharmacology, School 
of Medicine, Belgrade, Yugoslavia. 

Bozier, Emit, Assistant Professor of Physiology, Ohio State University. 

3RACHET, JEAN, Rockefeller Fellow, Princeton University. 

3RADLEY, H. C., Professor of Physiological Chemistry, University of Wisconsin. 

BrisBin, G. W. F., University of Manitoba. 

BRONFENBRENNER, J., Professor of Bacteriology, Washington University School 
of Medicine. 

3ROWN, Ducatp E. §S., Assistant Professor of Physiology, New York University 
Medical College. 

Buck, Joun B., National Research Fellow, California Institute of Technology. 

CABLE, RAYMOND M., Assistant Professor of Parasitology, Purdue University. 

“ALKINS, Gary N., Professor of Protozodlogy, Columbia University. 

"AMERON, JOHN A., Instructor, University of Missouri. 

CANNAN, R. Kerru, Professor of Chemistry, New York University Medical 
College. 

“AROTHERS, E. ELEANor, Research Associate, University of Iowa. 

“ATCHESIDE, Davin E., Lecturer, Botany School, Cambridge University, London, 
England. 

>HAMBERS, Ropert, Research Professor of Biology, Washington Square College, 
New York University. 

CHENEY, RALPH H., Chairman and Professor of Biology, Long Island University. 

CuIvester, FLoyp E., Professor of Zodlogy, Extension Division, College of For- 
estry, Syracuse University. 

Cuitp, Georce P., Instructor in Biology, Amherst College. 

Ciark, ELeEANor Linton, University of Pennsylvania, School of Medicine. 

CLarK, Exior R., Professor of Anatomy and Director, Department of Anatomy, 
University of Pennsylvania, School of Medicine. 
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Crowes, Georce H. A., Director of Research, Lilly Research Laboratories. 

ConEN, ArtTHUR, Seessel Research Fellow, Yale University. 

Coker, R. E., Professor of Zodlogy, University of North Carolina. 

Cote, Kennetu S., Assistant Professor of Physiology, College of Physicians and 
Surgeons, Columbia University. 

ConKLINn, Epwin G., Professor Emeritus of Biology, Princeton University. 

CooNFIELD, BENJAMIN R., Assistant Professor, Brooklyn College. 

CopeLAND, MANTON, Professor of Biology, Bowdoin College. 

Corey, H. IRENE, Research Associate, University of Pennsylvania. 

Co Tur, Frank W., Associate Professor of Experimental Surgery, New York 
University Medical College. 

Cowpry, E. V., Professor of Cytology, Washington University. 





Cox, Epwarp H., Professor of Chemistry, Swarthmore College. 

CroAspALE, HANNAH T., Research Assistant in Physiology, Dartmouth College. 
CROWELL, SEARS, Instructor in Zodlogy, Miami University. 

CurweEN, Atice O., Assistant Professor of Anatomy, Woman’s Medical College 


of Pennsylvania. 

Daut, A. Orvitte, Teaching Assistant, University of Minnesota. 

Davin, Paut R., Columbia University. 

Davson, Hucu, Rockefeller Fellow, University of London, London, England. 

Denny, MArtHA, Instructor in Zodlogy, Connecticut College. 

Ditter, WiLL1AM F., Assistant Professor, Dartmouth College. 

DonALDSON, Henry H., Member, Wistar Institute. 

Dorris, FRANcES, Research Asssitant in Embryology, Yale University. 

Dreyer, WittiAM A., Instructor in Zodlogy, University of Cincinnati. 

Drovet, Francis, Research Fellow, Yale University. 

DuBors, Eucene T., Professor of Medicine, Cornell University Medical College. 

Duccar, B. M., Professor of Physiological and Economic Botany, University of 
Wisconsin. 

Faitta, G., Physicist, Memorial Hospital, New York City. 

Fenn, W. O., Professor of Physiology, University of Rochester, School of Medi- 
cine and Dentistry. 

Fercuson, J. K. W., Assistant Professor of Physiology, Ohio State University 

FiscHER, Ernst, Associate Professor of Physiology and Pharmacology, Medical 
College of Virginia. 

FisHER, KENNETH C., Instructor in Zodlogy, University of Maine. 

Friscu, JoHN A., Professor of Biology, Canisius College. 

Fry, Henry J., Visiting Investigator, Cornell University Medical College. 

Garrey, W. E., Professor of Physiology, Vanderbilt University School of Medi- 
cine. 

Gay Lor, JoHNn B., Rockefeller Travelling Fellow, Rockefeller Foundation. 

Goopricu, H. B., Professor of Biology, Wesleyan University. 

GOTTSCHALL, GERTRUDE, Assistant, Cornell University Medical College. 

GRANT, RoNALD, Assistant Lecturer in Zodlogy, University of Leeds, England. 

Grave, CASWELL, Professor of Zodlogy, Washington University. 

GREGERSEN, Macnus I., Professor of Physiology, University of Maryland, School 
of Medicine. 

HapLey, CHares E., Associate Professor of Biology, Montclair State Teachers’ 
College. 

Haporn, Ernst, Rockefeller Foundation Fellow, Zodlogical Institute, Berne, 
Switzerland. 

HAMBURGER, VIKTOR, Assistant Professor, Washington University. 

Harvey, E. Newton, Professor of Physiology, Princeton University. 

HaArvEY, ErHet Browne, Princeton University. 

Haywoop, CHArLorre, Associate Professor of Physiology, Mount Holyoke Col- 


lege. 
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HEILBRUNN, L. V., Associate Professor of Zodlogy, University of Pennsylvania. 

HeEnpEE, EsTHER C., Instructor in Biology, Russell Sage College. 

HeNnsHAw, Paut S., Biophysicist, Memorial Hospital, New York City. 

Hess, WaLTER N., Professor of Biology, Hamilton College. 

Hisparp, Hope, Professor, Oberlin College. 

Hiestanp, WituiAM A., Assistant Professor of Physiology, Purdue University. 

Hitt, SAMuEL E., Assistant in General Physiology, Rockefeller Institute. 

Hoser, Ruporr, Visiting Professor of Physiology, University of Pennsylvania. 

Hopce, CHARLES, 4th, Instructor, Temple University. 

HorrMANn, O tive, Instructor in Medicine, University of Pennsylvania. 

HoLLAENDER, ALEXANDER, Special Investigator, University of Wisconsin. 

Hotes, JosepH H., Department of Physiology, University of Maryland, School 
of Medicine. 

Hopkins, Dwicut L., Assistant Professor, Duke University. 

Howe, H. E., Editor, Industrial and Engineering Chemistry. 

HowELL, CHARLES DeWitt, Graduate Student, Johns Hopkins University. 

Huaues, ExvizsetH Drumrra, Instructor in Biology, Wilson College. 

HuGuHEs, Roscoe D., Teaching Assistant, Columbia University. 

HUNNINEN, ARNE V., Head of Biology Department, Oklahoma City University. 

Hunter, Georce W., III, Assistant Professor of Biology, Wesleyan University. 

Hurcuincs, Lois M., Teacher of Biology, Weequahic High School, Newark, N. J. 

IRVING, LAURENCE, Proiessor of Biology, Swarthmore College. 

Jacoss, MerKeEv H., Professor of General Physiology, University of Pennsylvania. 

Jenkins, GeorGe B., Professor of Anatomy, George Washington University. 

Jounin, J. M., Associate Professor of Biochemistry, Vanderbilt University School 
of Medicine. 

JoHNSoN, FranK H., Eli Lilly and Company Research Fellow, Princeton Uni- 
versity. 

Jones, E. Rurrin, Jr., Associate Professor of Biology, College of William and 
Mary. 

Jones, RutH McC.un«, Instructor in Botany and Zodlogy, Swarthmore College. 

KeiL, Etsa M., Assistant Professor of Zoology, New Jersey College for Women. 

Kettcu, ANNA K., Research Chemist, Eli Lilly and Company. 

Keyes, DonaAp B., Professor of Chemical Engineering, University of Illinois. 

Kipper, GeorceE W., Instructor in Biology, College of the City of New York. 

Kitte, Frank R., Assistant Professor of Zodlogy, Swarthmore College. 

KINpRED, JAMES E., Associate Professor of Histology and Embryology, University 
of Virginia. 

KNower, Henry McE., Research Associate in Biology, Yale University. 

KNOWLTON, FRANK P., Professor of Physiology, Syracuse University, College of 
Medicine. 

Kopac, M. J., Research Associate in Biology, Washington Square College, New 
York University. 

Korr, Irvin M., Instructor, New York University Medical College. 

KRAHL, Maurice E., Research Chemist, Eli Lilly and Company. 

KREEZER, GEORGE, Research Associate, The Training School, Vineland, New 
Jersey. 

KrigeG, WENDELL J. S., Instructor in Anatomy, New York University, Medical 
College. 

LANCEFIELD, D. E., Associate Professor of Zodlogy, Columbia University. 

LANCEFIELD, REBEccCA C., Associate, Rockefeller Institute. 

LEVINE, DARWIN S., Teacher, Theodore Roosevelt High School, New York. 

Littiz, FRANK R., Professor of Embryology, Emeritus, The University of Chi- 
cago. 


Littiz, Racpx S., Professor of General Physiology, The University of Chicago. 





22 MARINE BIOLOGICAL LABORATORY 


Lores, Leo, Professor Emeritus of Pathology, Washington University, School of 
Medicine. 

LoeFFLER, Louis, Professor of Pathology, Middlesex College. 

Lucas, Atrrep M., Associate Professor, lowa State College. 

Lucas, Miriam Scott, lowa State College. 

Luyet, BasiLe J., Associate Professor of Biology, St. Louis University. 

Lynn, W. Garpner, Instructor in Zodlogy, Johns Hopkins University. 

McCune, CLArENcE E., Director, Zodlogical Laboratory, University of Pennsyl- 
vania. 

MacpouGALp, THomAs J., Rockefeller Foundation Fellow in Experimental Cy- 
tology, Trinity College, Dublin, Ireland. 

Maes, Juien, C. R. B., Fellow, Harvard University Medical School. 

Macruper, S. R., Assistant in Anatomy, Cornell University Medical College. 

MarsLAND, Douctas, Assistant Professor of Biology, Washington Square College, 
New York University. 

Martin, W. E., Instructor in Biology, Purdue University. 

MATHEws, ALBERT P., Professor of Biochemistry, University of Cincinnati. 

MatTrHEws, SAMUEL A., Associate in Anatomy, University of Pennsylvania. 

Maza, DANIEL, National Research Fellow, Princeton University. 

MENKIN, VAty, Instructor in Pathology, Harvard University Medical School. 

MICHAELIS, LEoNor, Member, Rockefeller Institute. 

MILLER, FairH Stone, Ohio University. 

MILLER, JAMES A., Instructor in Zodlogy, Ohio University. 

MITCHELL, Puiuip H., Professor of Physiology, Brown University. 

Morcan, Litian V., Pasadena, California. 

Morcan, T. H., Professor of Experimental Zodlogy, California Institute of Tech- 
nology. 

Morritt, CHArtes V., Associate Professor of Anatomy, Cornell University Medi- 
cal College. 

Morris, SAMUEL, Research Zoologist, Temple University. 

Mur.in, Joun R., Professor of Physiology, University of Rochester. 

NepeLt, BerNaArp R., Associate in Research, Agricultural Experiment Station, 
Geneva, New York. 

Nettinc, M. GrAnam, Curator of Herpetology and Lecturer in Biology, Carnegie 
Museum and University of Pittsburgh. 

Newton, W. H., Reader in Physiology, University of London, England. 

Nonipez, José F., Assistant Professor of Anatomy, Cornell University Medical 
College. 

Norturop, JoHN H., Rockefeller Institute for Medical Research. 

Oxuson, Macnus, Research Assistant, University of Minnesota. 

Orr, Paut R., Instructor, Brooklyn College. 

OsterHout, W. J. V., Member, Rockefeller Institute for Medical Research, New 
York City. 

PACKARD, CHARLES, Assistant Professor of Zodlogy, Columbia University. 

PAINTER, ELizABETH S., Instructor in Physiology, University of Maryland, School 
of Medicine. 

Parker, G. H., Professor of Zodlogy Emeritus, Harvard University. 

PARMENTER, CHARLES L., Associate Professor of Zoology, University of Pennsyl- 
vania. 

Parpart, ArtHuR K., Assistant Professor of Physiology, Princeton University. 

Patrick, Rutu, Professor of Botany, Pennsylvania School of Horticulture. 

PreRCE, MADELENE E., Instructor, Vassar College. 

PLoucu, Haroip H., Professor of Biology, Amherst College. 

Po.tiisteR, ArTHUR W., Assistant Professor of Zodlogy, Columbia University. 

Potrer, TRUMAN S., Research Associate, The University of Chicago. 

Poutson, Donan F., Instructor in Zodlogy, Yale University. 

Prescott, G. W., Assistant Professor of Biology, Albion College. 
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Prossrr, C. Lapp, Assistant Professor of Physiology, Clark University. 

RANKIN, JOHN S., Jr., Teaching Fellow, Amherst College. 

pE Renyi, Georce S., Associate Professor of Anatomy, University of Pennsylvania, 
School of Medicine. 

RicHaArps, Oscar W., Instructor in Biology, Osborn Zoological Laboratory, Yale 
University. 

Ritcuie, Lawrence §S., Instructor in Biology, University of North Carolina 
Women’s College. 

RoBEsoN, JOHN M., Instructor in Zodlogy, Syracuse University. 

Root, RaymMonp W., Assistant Professor of Biology, College of the City of New 

. York. 

ixooT, WALTER S., Associate Professor of Physiology, University of Maryland 
School of Medicine. 

RUEBUSH, TRENTON K., Instructor, Yale University. 

RuGH, Roserts, Instructor in Zoology, Hunter College. 

Russet, Auice M., Instructor, University of Pennsylvania. 

SALOMON, Kurt, Honorary Research Fellow, Yale University. 

Saver, Mary E., Instructor in Anatomy, University of Alabama. 

SayLes, Leonarp P., Assistant Professor of Biology, College of the City of New 
York. 

ScHAEFFER, A. A., Chairman, Department of Biology, Temple University. 

SCHARRER, Berta, Research Assistant, Neurologisches Institute, Frankfurt, Ger- 
many. 

SCHARRER, Ernst, Research Fellow, Neurologisches Institute, Frankfurt, Germany. 

SCHECHTER, Victor, Instructor, College of the City of New York. 

ScuMupt, [pA GENTHER, Assistant Professor of Anatomy, University of Cincin- 
nati, College of Medicine. 

Scumunt, L. H., Research Fellow in Biochemistry, Christ Hospital, and University 
of Cincinnati College of Medicine. 

Scumitt, Francis O., Associate Professor of Zodlogy, Washington University. 

Scumitt, Otro H., Washington University. 

Scuotreé, Oscar E., Assistant Professor of Biology, Amherst College. 

Scuram, Mitprep W. S., International Cancer Research Foundation. 

Scott, ALLAN C., Instructor in Biology, Union College. 

Scott, SisTER FLORENCE MariE, Professor of Zoology, Seton Hill College. 

SEMBRAT, KAZIMIERZ, Research Fellow in the Natural Sciences, University of 
Lwow, Poland. 

SEMBRAT, ZoryA, Adjunct at the Laboratory of Histology and Embryology, 
Academy of the Veterinary Medicine, Lwow, Poland. 

SHANNON, JAMES A., Assistant Professor of Physiology, New York University 
Medical College. 

SHAprIRO, HERBERT, Research Assistant in Physiology, Princeton University. 

SHAw, Myrt ie, Senior Bacteriologist, New York State Department of Health. 

SHEDLOvSKY, THEODORE, Associate, Rockefeller Institute. 

SHuMwaAyY, WaALDo, Professor of Zoology, University of Illinois. 

SICHEL, FERDINAND J. M., Instructor in Physiology, Howard University School of 
Medicine. 

SuiFER, ELEANOR H., Associate in Zodlogy, State University of Iowa. 

Situ, Dietricu C., Instructor in Physiology, University of Tennessee, College of 
Medicine. 

SoLanpt, DonALp Y., Assistant Professor of Physiology, University of Toronto. 

SONNEBORN, TrAcy M., Associate in Zodlogy, Johns Hopkins University. 

SPENCER, WARREN P., Professor of Biology, College of Wooster. 

STEINBACH, HENRY B., Instructor in Zodlogy, University of Minnesota. 

STERN, Kurt G., Visiting Lecturer of Physiological Chemistry, Yale University. 

Stewart, Dortuy R., Associate Professor of Biology, Skidmore College. 
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StrocKARD, CHARLES R., Professor of Anatomy, Cornell University Medical Col- 


lege. 


SrunKarp, H. W., Professor of Biology, New York University. 
Sturtevant, Atrrep H., Professor of Genetics, California Institute of Tech- 





nology. 

SuMMERS, FRANcIS M., Instructor in Biology, Bard College, Columbia University. 

Tarr, CHartes H., Jr., Associate Professor of Pharmacology, University of 
Texas, Medical Branch. 

TARTAR, VANCE, Assistant in Biology, Yale University. 

Tasuiro, Suiro, Professor of Biochemistry, University of Cincinnati, College of 
Medicine. 

TAyLor, WILLIAM RANpbOoLPH, Professor of Botany, University of Michigan. 

Terni, Tutiio, Professor of Histology-Embryology and Anatomy and Director 
of the Institute of Anatomy, University of Padua, Italy. 

Tuornton, C. S., Assistant Professor of Biology, Kenyon College. 

TittLer, IrvinG A., Instructor in Biology, Brooklyn College. 

[OrO, Emeric, Assistant Professor, Anatomical Institution of University of De- 
breceu. 

TRAGER, WILLIAM, Assistant, Rockefeller Institute. 

Turner, Assy H., Professor of Physiology, Mount Holyoke College. 

TyYLer, ALBERT, Instructor in Embryology, California Institute of Technology. 

UnNLENHUTH, EpuArp, Professor of Anatomy, University of Maryland, School of 
Medicine. 

Vicari, Emritta M., Associate in Anatomy, Cornell University Medical College. 

WALKER, RoLanp, Instructor in Biology, Rensselaer Polytechnic Institute. 

WARREN, MARSHALL R., Graduate Assistant in Zodlogy, University of Cincinnati. 

WATERMAN, A. J., Assistant Professor of Biology, Williams College. 

WEISSENBERG, RICHARD, Visiting Professor of Cytology, Washington University. 

Venricn, D. H., Professor of Zodlogy, University of Pennsylvania. 

Wuittnc, ANNA R., Guest Investigator, University of Pennsylvania. 

Wuitinc, P. W., Associate Professor of Zodlogy, University of Pennsylvania. 

WICHTERMAN, Racpu, Instructor, Temple University. 

Wicuier, B. H., Head, Division of Biological Sciences, University of Rochester. 

Witson, Epmunp B., Professor Emeritus in Residence, Columbia University. 

Witson, May G., Assistant Professor of Pediatrics, Cornell University Medical 
College. 

Wotr, E. Atrrep, Associate Professor of Biology, University of Pittsburgh. 

Wo tr, Ernst, Harvard University. 

Wotr, Opat M., Assistant Professor, Goucher College. 

WoopruFF, LorANbE L., Professor of Protozodlogy, Yale University. 

Woopwarp, ALVALYN E., Assistant Professor of Zoology, University of Michigan. 

Wokr.ey, LEonArD G., Instructor, Brooklyn College. 

YnteMA, C, L., Assistant Professor, Cornell University Medical College. 

YounG, ALLAN C., University of Rochester, Medical School. 

YounG, Dixie, Yale University. 

ZWEIFACH, BENJAMIN W., Research Assistant, New York University. 


Beginning Investigators 


ALLEY, ARMINE, Research Assistant, McGill University. 

ANberSCH, MArire, Assistant Professor, Woman's Medical College, Philadelphia. 
BALLENTINE, Ropert, Junior Fellow in Biology, Princeton University. 

BarkY, ALEXANDER, Harvard University. 

BAuER, Kart, University of Berlin. 

BLack, Epcar C., Demonstrator in Experimental Biology, University of Toronto. 
BrapLey, E. Morron, Assistant, University of Rochester. 


: 
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BREHME, KATHERINE S., Editorial Assistant, “ Genetics,’ Columbia University. 

Briccs, R. W., Assistant in Biology, Harvard University. 

Britt, EpmMunp R., Graduate work in Biology, Harvard University. 

CapBLe, Mary Tupper, Graduate Student, Purdue University. 

CuurRNeEY, Leon, Instructor in Zodlogy, University of Pennsylvania. 

Ciarr, C. Lioyp, 5 Van Beal Road, Randolph, Massachusetts. 

CLEVERDON, MaAupe A., Student, Oberlin College. 

‘OMMONER, Barry, Graduate Student, Columbia University. 

“oNLEY, CaArrott L., Teaching Fellow in Physiology, University of Maryland, 
School of Medicine. 

“ORNMAN, Ivor, Teaching Fellow, Washington Square College, New York Uni- 
versity. 

‘ORSON, SAMUEL, Research Assistant in Cell Physiology, Washington Square Col- 
lege, New York University. 

CULBRETH, SARAH E., Graduate Fellow, Duke University. 

Derrickson, Mary B., Graduate Assistant, Duke University. 

DETHIER, VINCENT G., Graduate Student, Harvard University. 

DieNes, Priscitta A., Student, Radcliffe College. 

DoNNELLON, JAMES A., Student, University of Pennsylvania. 

FRANK, JoHN A., Yale University. 

GutTrMAN, Rita, Graduate Student in Physiology, College of Physicians and Sur- 
geons, Columbia University. 

HarMAN, Doris Spier, Assistant Teacher of Biology, Straubenmiiller Textile 
High School. 

Harris, DANIEL, Instructor of Zodlogy, University of Pennsylvania. 

HAWLEY, KATHARINE J., Student, Public Health Department, Yale University. 

Hratr, Epwin P., Graduate Assistant, Duke University. 

HincHey, M. CATHERINE, Graduate Student, University of Pennsylvania. 

Hopson, LAwrENcE B., Graduate Assistant in Zodlogy, University of Cincinnati. 

HOLLINGSWoRTH, JOSEPHINE, Graduate Student, University of Pennsylvania. 

Hornor, HELEN Berry, Assistant Teacher, Barnard College, Columbia University. 

Hunter, Laura N., Instructor, Pennsylvania College for Women. 

Ives, Puitip T., Research Fellow in Biology, Amherst College. 

Katiss, NATHAN, Assistant in Zodlogy, Columbia University. 

LEVENSON, ALFRED S., Graduate Student, University of Pittsburgh. 

LICHTMAN, FriepA, New York University. 

LipMAN, Harry J., Graduate Assistant, University of Pittsburgh. 

MCALLISTER, FERDINAND F., Research Fellow, University of Maryland, School of 
Medicine. 

Matick, Leona F., Graduate Student, Brown University. 

MALoneE, Epna J., Teacher of Biology, Walton High School. 

MAXWELL, JANE, Instructor, Carnegie Institute of Technology. 

Mayo, VirciniaA, Graduate Student, Radcliffe College. 

Moore, CAROLINE, Graduate Student, University of Pennsylvania. 

Moore, Joun A., Assistant in Zodlogy, Columbia University. 

Moore, WALTER G., Graduate Assistant, University of Minnesota. 

MorcGan, Isaset M., Graduate Student, University of Pennsylvania. 

Moser, I‘Loyp, Graduate Student, University of Pennsylvania. 

NeeL, JAMES, Graduate Teaching Assistant, University of Rochester. 

Novixorr, ALEx B., Tutor, Brooklyn College. 

PATTERSON, JOHN L., Jr., Student of Medicine, Medical College of Virginia. 

Preasopy, EL1zABETH B., Graduate Student, Radcliffe College. 

Pierson, BerNicE F., Graduate Student, Johns Hopkins University. 

Porter, Keitu R., Assistant, Harvard University. 

Riccr, NetpA I., Laboratory Assistant, Rockefeller Foundation. 

Rose, S. Meryt, Teaching Assistant, Columbia University. 


~~ 


~ 


~ 
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ROSENBUSCH, CARLos, Graduate Student, lowa State College. 

ROSENFIELD, RicHARD, Medical Student, University of Pittsburgh. 

SAFFORD, VirGINIA, Laboratory Technician, Wellesley College. 

Sawin, Horace J., Assistant, Harvard University. 

SCHENTHAL, JosePpH E., Weaver Research Fellow in Anatomy, University of 
Maryland, School of Medicine. 

SCHOENBORN, HENRY W., Graduate Assistant, New York University. 

SMiru, Jay ALrrep, Assistant in the Department of Zodlogy, Johns Hopkins Uni- 
versity. 

Smiru, R. Dace, Graduate Assistant, University of Pittsburgh. 

Sniwer, Ray S., Research Assistant, Washington University. 

SoLBERG, ARCHIE N., University Fellow, Columbia University. 

Sroupt, Harry N., Graduate Student, Johns Hopkins University. 

Tine, T. P., Graduate Student, University of Pennsylvania. 

[ROMBETTA, VIVIAN, Assistant in Botany, Barnard College, Columbia University. 

Uuricu, Jacos, Fellow, The University of Chicago. 

Vorer, Muriet A., Wheaton College. 

Wisur, Kart M., Fellow, University of Pennsylvania. 

WILHELMI, RayMonp W., Graduate Assistant, New York University. 

Wokrtey, Evizaseru K., Lecturer, Barnard College, Columbia University. 

YounG, Rocer A., Assistant Professor in Zodlogy, Howard University. 

ZWILLING, EpGar, Assistant in Zoology, Columbia University. 


Research Assistants 


Avorre, GLENN H., Weaver Fellow in Anatomy, University of Maryland, School 
of Medicine. 

ARMSTRONG, Louise ScHMUCK, Cornell University Medical College. 

Beck, Lye V., Research Fellow, University of Pennsylvania. 

BucuueEIt, J. Ropert, Research Assistant, Eli Lilly and Co. 

CastLe, Rutu M., Student, Montclair State Teachers College. 

Cuambers, ALrrep H., Jr., Graduate Student, University of Pennsylvania. 

CHAMBERS, Epwarp L., Student, Princeton University. 

CopeELAND, D. Euceng, Assistant in Biology, Amherst College. 

CrysTAL, Sipney, Research Assistant, Rockefeller Institute. 

Curtis, Howarp J., Associate in Physiology, College of Physicians and Surgeons, 
Columbia University. 

DuGAL, Louts Paut, Instructor, University of Montreal. 

DzieMIAN, ArTHUR J., Fellow, Princeton University. 

EGGLeston, Nancy M., Student, Mount Holyoke College. 

Erkin, WILLIAM, Instructor, College of the City of New York. 

Fien, IrvinG, Trinity College. 

Foerster, JAMES, Washington University. 

FRASER, Dorts A., Fellow, University of Pennsylvania. 

FREEMAN, A. M., Jr., Student, Vanderbilt University, School of Medicine. 

GEHENIO, SISTER Prerre M., Graduate Assistant in Biology, St. Louis University. 

GLASSMAN, Harotp N., Graduate Student, University of Pennsylvania. 

GoLpIn, ABE, Assistant, Brooklyn College. 

Granp, C. G., Research Associate, Washington Square College, New York Uni- 
versity. 

Hamot!, Turcut N., Student, University of Pennsylvania. 

Hersukow!I7z, S. G., Student, New York University Medical College. 

Hitt, Epcar §S., Instructor in Biochemistry, Washington University, School of 
Medicine. 

HOser, JOSEPHINE, Philadelphia, Pennsylvania. 

HopaApp, EuGene L., Graduate Fellow in Biology, St. Louis University. 

Horowitz, NorMAN, Teaching Fellow, California Institute of Technology. 
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HorvatH, STEVEN M., Ohio State University. 

HuMMEL, KATHARINE P, 

HurcHens, Jonn, Graduate Assistant, Johns Hopkins University. 

JaILeR, JosepH W., Assistant, College of Physicians and Surgeons, Columbia 
University. 

KALMANSON, GerorGE M., Research Assistant, Washington University. 

KeEeFE, EuGENE L., Research Assistant, Washington University. 

Korr, Renée B., New York University Medical College. 

KritzLer, Henry, Student, Bard College, Columbia University. 

Law, Lioyp W., Assistant, Harvard University. 

Lewis, Lena A., Research Assistant, Ohio State University. 

Lyon, Ruea C., Research Assistant, University of Maryland, School of Medicine. 

Moore, Gorpon F., Student, Washington University, School of Medicine. 

Morris, Marion C., Instructor, Washington University, School of Medicine. 

Munot, Henry, Jr., Student, Amherst College. 

Nicott, Paut A., Fellow Biological Sciences, National Research Council. 

O’Brien, Joun P., Johns Hopkins University. 

OHNELL, RicHarp F., Kar Institute, Stockholm, Sweden. 

RAwLes, Mary E., Research Assistant, University of Rochester. 

Ricca, Renato A., Student, University of Pennsylvania, School of Medicine. 

RIEHL, Doris, Graduate Student, Yale University. 

Ropertson, Mrs. C. W., Research Assistant, New York University. 

Rustin, SAut H., Research Assistant, New York University. 

SALK, Jonas, Christian A. Herter Fellow, New York University Medical College. 

SHAw, Isipor, Technician in Biology, Long Island University. 

Stmmons, Eric L., Student, Swarthmore College. 

SmitH, Cari C., Research Assistant, University of Cincinnati. 

SPENCER, JosEPH M., Research Assistant, College of Physicians and Surgeons, 
Columbia University. 

Trost, Mrs. THELMA, Assistant, University of Pennsylvania. 

WaGNER, CaArro_t E., Research Assistant, University of Maryland, School of 
Medicine. 

Warner, Rosert C., Teaching Fellow, New York University Medical College. 

WertsBerc, Harry F., Fellow in Biology, College of the City of New York. 

WIGHTMAN, JouN C., Assistant, Brown University. 

Wo tr, Frep T., Research Assistant, University of Wisconsin. 

Younc, Saut B., Rockefeller Institute. 


Students 
BOTANY 


Donovan, Mary K., Teacher of Biology, Boston Teachers College. 
Hicks, JAQUELINE P., Barnard College. 

HILGEMAN, DoroTtHea E., Goucher College. 

KALTER, Louts B., Student, Antioch College. 

Lioyp, Frances V., University of Alabama. 

Mosetey, CHaArLEs B., Dartmouth College. 

RuNkK, BENJAMIN F. D., Service Fellow, University of Virginia. 
STEVENSON, BARBARA, Student, Wellesley College. 

Travis, Mitprep T., University of Pennsylvania. 


EMBRYOLOGY 


Atsup, Frep W., Professor of Zodlogy, Morristown College. 
ANGELL, Nancy, Bryn Mawr College. 
3LANC, RicHAkpD, Graduate Assistant in Biology, Amherst College. 
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BozEMAN, MARTHA L., Graduate Student, University of Illinois. 

CurisTHILr, Stuart M., Jr., Student, St. John’s College. 

CLEVERDON, Maupe A., Student, Oberlin College. 

CorNMAN, Ivor, Teaching Fellow, Washington Square College, New York Uni- 
versity. 

Drienes, Priscitia A., Radcliffe College. 

Focet, Pau J., 2 MacKenzie Road, Morristown, New Jersey. 

FRIEDMAN, SAM, Student, Washington Square College, New York University. 

GriFFITHS, RAYMOND B., Student, University of Rochester. 

Gross, CHARLOTTE C., Montclair State Teachers’ College. 

Harcu, CLeora, Radcliffe College. 

KELLOGG, MARGARET P., Student, Smith College. 

KorcHer, Emit, Graduate Assistant, Wesleyan University. 

Krart, JEAN C., Northwestern University. 

LEONARD, BARBARA H., Undergraduate Assistant, Oberlin College. 

LocaAn, ArcH H., Jr., Student, Washington and Jefferson College. 

MACKENZIE, MALco_m B., Student, McGill University. 

Mitrorp, Joun J., Graduate Assistant, New York University. 

Mo ter, Joun A., Instructor, University of Notre Dame. 

Moore, WALTER G., Graduate Assistant, University of Minnesota. 

MoorMAN, ALBERT E., Zodlogy Assistant, Northwestern University. 

MorGANn, GWENDOLYNN W., Science Teacher, Rosemarie Junior School. 

Nee, JAMEs V., Teaching Assistant, University of Rochester. 

NicHo.s, FLorence E., DePauw University. 

Sairu, Evizasetu T., Assistant in Zodlogy, Northwestern University. 

SmitH, MarIANn, Student, Washington University. 

Srreett, J. CLARK, Jr., Princeton University. 

Uuricn, Jacos, Fellow, The University of Chicago. 

Wuirte, Evizasetu L., Goucher College. 

WitiiAMs, CHaArLeEs F., Laboratory Assistant, DePauw University. 

WituraMs, CHaArRLEs R., Graduate Student, University of Illinois. 

Wricut, Este Star, Graduate Student, Johns Hopkins University. 

WRIGHTINGTON, MARGARET, Student, Vassar College. 


PHYSIOLOGY 


Brack, Epcar C., Demonstrator in Experimental Biology, Toronto University. 

BrIpGMAN, JANE, Graduate Student, Yale University. 

CuLBretH, SARAH E., Graduate Fellow, Duke University. 

Evans, JoHN Davin, Graduate Assistant, Northwestern University. 

FARNEY, EstHErR, Student, University of Kansas. 

Fercuer, Epwitn S., Jr., Rockefeller Institute. 

GRANT, Wixson C., Wesleyan University. 

Hiatt, Epwin P., Graduate Assistant, Duke University. 

Hock, CuHaries W., Harrison Fellow, University of Pennsylvania. 

HUNTINGTON, MARGARET O., Washington University, School of Medicine. 

LAMBERT, BARBARA CHAsE, Graduate Assistant in Physiology, Mount Holyoke 
College. 

Nepet, Bernarp R., Research Assistant, New York State Agricultural Experi- 
mental Station. 

PATTERSON, JOHN L., Jr., Student, Medical College of Virginia. 

Ravitz, Louts A., University of Wisconsin. 

SAFFORD, ViRGINIA, Laboratory Technician, Wellesley College. 

SmitH, ExvizAsetuH W., Oberlin College. 
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PROTOZOOLOGY 


BELCHER, JANE C., Columbia University. 

Brooke, Marion M., Teacher, Emory Junior College. 

CALDWELL, JoHN J., Teacher, Grand Falls High School. 

CHASANoFrF, IpA, Student, Columbia University. 

Dropkin, Victor H., Graduate Student, The University of Chicago. 

Fipprncer, EstHer, Hunter College. 

GREEN, SusAN A., Professor of Biology, Maryville College. 

Gurtey, Mary K., Laboratory Assistant in Bacteriology, College of Physicians 
and Surgeons. 

HartTWELL, Mary A., 75 College Street, Brockport, New York. 

LouKIDES, JAMES, Student, Rutgers University. 

Meics, JoHN F., Jr., Harvard University. 

Noyes, Barsara C., Student, Columbia University. 

SCHLOSSMAN, ABRAHAM, 295 Pennsylvania Avenue, Brooklyn, New York. 

Sniper, Hester B., Columbia University. 

Vorer, Muriet A., Wheaton College. 

Wulirte, Ex.izasetu C., Columbia University. 


INVERTEBRATE ZOOLOGY 


ALBRINK, WILHELM §S., Student, Oberlin College. 

BaILey, VILLA E., Oberlin College. 

Batrp, IsABELLE, Graduate Assistant, Mount Holyoke College. 

3ARDEN, ALBERT A., Jr., Northwestern University. 

BarKLeEy, Maser A., Teacher, Central High School, Washington, D. C. 
3ERRY, CHARLES M., Laboratory Instructor, DePauw University. 
BookHoutT, Caz._yn G., Instructor in Zodlogy, Duke University. 
Bottom, Curtis H., Assistant Professor, Centre College. 

BRIDGMAN, JOSEPHINE, Teacher of Zodlogy, Flora Macdonald College. 
BurBANCH, WILLIAM D., Instructor in Biology, Earlham College. 
CaRROLL, WILLIAM R., Student, Swarthmore College. 

CuLBERSON, MABEL H., Simmons College. 

Dana, Harriet M., Student, Swarthmore College. 

DvoskIn, SAMUEL, College of the City of New York. 

EISENBERG, EstHeER, Laboratory Assistant, Eastern District High School. 
Evans, HrrAm J., Hamilton College. 

Fink, Harotp K., Student, Princeton University. 

GILMAN, LAuREN C., Graduate Student, Johns Hopkins University. 
GoopcHILp, CHAUNDEY G., Graduate Assistant, New York University. 
GoopLtnE, Mary A., Student, Montclair State Teachers’ College. 
Gortner, Ross A., JR., Instructor in Biology, Wesleyan University. 
GriFFIN, DonALD R., Harvard University. 

HamILton, Howarp L., State University of Iowa. 

Harro_p, CHartes M., Wabash College. 

Haskin, Harotp H., Assistant, Harvard University. 

Ho.ttHAusEN, Cart F., Jr., Assistant in Biology, Amherst College. 
Jounson, Marian, Student, American University. 

Kuun, Evetyn M., Research Assistant, Rice Institute. 

Kurtz, Evizasetu L., Wilson College. 

McBripe, Marcaret P., Student, Pennsylvania College for Women. 
Mapp, FrepericK E., Teacher, Atlanta University. 

Marrow, Lucitie, High School Biology Teacher. 

MARTINDALE, FLORENCE M., Instructor in Zodlogy, Mount Holyoke College. 
Merwin, Rutu M., Mount Holyoke College. 
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Mitter, ALBERT, Instructor in Entomology, Cornell University. 

Mutter, Mrs. WILLIAM A., Graduate Student, University of Minnesota. 
Mistter, WiiitAM A., Teaching Assistant, University of Minnesota. 

O’Brien, Joun P., Graduate Student, Johns Hopkins University. 

ORANGE, JEANNETTE, Graduate Student, Columbia University. 

Osterup, KENNETH L., Graduate Assistant in Biology, New York University. 
Perry, Dorotuy F., Smith College. 

RAMSEY, HELEN J., 242 Connolly Street, West Lafayette, Indiana. 

Reep, ELEANor, Technician, University of Pittsburgh. 

RockstTEINn, Morris, Student, Brooklyn College. 

RyAN, Francis J., Assistant in Zodlogy, Columbia University. 

Sawin, Horace J., Assistant, Harvard University. 

ScHNEIDER, RutH M., Skidmore College. 

ScrimsHAw, NeEvEN S., Student, Assistant in Zodlogy, Ohio Wesleyan University. 
STEARNS, JoHN B., Assistant, Amherst College. 

STEELE, Dewey G., Assistant Professor of Genitics, Connecticut State College. 
STRANDINE, ELpon J., Northwestern University. 

SUGARBAKER, JoHN D., Student, New Jersey State Teachers College. 
Swanson, Car P., Student, Massachusetts State College. 

WatLker, SALLY, Radcliffe College. 

Warp, EvizAsetu B., Graduate Assistant in Zodlogy, University of Cincinnati. 
WiturAMs, Myra A., Graduate Assistant in Zodlogy, Duke University. 
Witson, JAMes G., Graduate Assistant, University of Richmond. 


3. TABULAR VIEW OF ATTENDANCE 


1933 1934 1935 1937 
[NVESTIGATORS—T otal 323 315 35 391 


Independent 222 208 256 


Under Instruction 6 49 56 76 74 
Research Assistants . So SkCS 61 
STUDENTS—T otal 131 130 138 133 
Zodlogy oe 54 55 57 
Protozodlogy ‘ 11 16 
Embryology . 3. 30s 33 
Physiology 23 20 
Botany 13 6 
454 445 
and investi- 
16 
429 
INSTITUTIONS REPRESENTED—Total .. E 143 
By Investigators 2 111 
By Students : : 70 
SCHOOLS AND ACADEMIES REPRESENTED 
By Investigators 
By Students 
ForEIGN INSTITUTIONS REPRESENTED 
By Investigators 
By Students 
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4. SUBSCRIBING AND COOPERATING INSTITUTIONS 
IN 1937 


American University 

Amherst College 

Atlanta University 

Bowdoin College 

Brown University 

Bryn Mawr College 

California Institute of Technology 

College of Charleston 

College of Physicians and Surgeons 

Columbia University 

Cornell University 

Cornell University Medical College 

C. R. B. Educational Foundation, 
Inc. 

Dartmouth College 

DePauw University 

Duke University 

General Education Board 

Goucher College 

Hamilton College 

Harvard University 

Hunter College 

Industrial & Engineering Chemistry, 
of the American Chemical Soci- 
ety 

Iowa State College 

Johns Hopkins University 

Kenyon College 

Eli Lilly & Co. 

Long Island University 

Massachusetts State College 

Medical College of Virginia 

Memorial Hospital, New York City 

Morehouse College 

Mount Holyoke College 

New York State Department of 
Health 

New York University 

New York University 
School 

Northwestern University 

Oberlin College 

Pennsylvania College for Women 

Princeton University 

Purdue University 


Medical 


Radcliffe College 

Rice Institute 

Rockefeller Foundation 

Rockefeller Institute for 
Research 

Rutgers University 

St. John’s College 

Seton Hill College 

Smith College 

State University of Iowa 

Swarthmore College 

Syracuse University 

Temple University 

Union College 

University of Chicago 

University of Cincinnati 

University of Georgia, 
Medicine 

University of Illinois 

University of Maryland 
School 

University of Minnesota 

University of Pennsylvania 

University of Pennsylvania Medical 
School 

University of Pittsburgh 

University of Rochester 

University of Rochester 
School 

University of Virginia 

University of Wisconsin 

Vanderbilt University Medical 
School 

Vassar College 

Wabash College 

Washington University 

Washington University Medical 
School 

Wellesley College 

Wesleyan University 

Wheaton College 

Wilson College 

Wistar Institute of Anatomy and 
Biology 

Yale University 


Medical 


School of 


Medical 


Medical 





MARINE BIOLOGICAL LABORATORY 
EVENING LECTURES, 1937 


luesday, June 29 
Dr. W. T. AstBuRY “The X-ray Interpretation of Protein 
Structure.” 
Friday, July 2 
Dr. H. B. Goopricu “The Development of Inherited Color 
Patterns in Fish.” 
Friday, July 9 
Dr. E. Newron Harvey “ Electrical Potentials from the Hu- 
man Brain.” 
Friday, July 16 
Dr. ALEXANDER HOLLAENDER “ Studies in the Problem of Mitoge- 
netic Radiation.” 
Wednesday, July 21 
Dr. EpGar ALLEN “ Ovulation in Mammals and Internal 
Secretions Involved.” 


Friday, July 23 
Dr. Leonor MICHAELIS “The Problem of the Oxidation of 
Organic Compounds and Its Ca- 
talysis under Biological Condi- 


tions.” 
Friday, July 30 
Dr. CASWELL GRAVE “Metamorphosis in Ascidians.” 
Thursday, August 5 
Dr. F. GUDERNATSCH “The Thymus Problem: Its Present 
Status after 25 Years of Experi- 
mentation.” 
Friday, August 6 
Dr. Ernst FiscHer ‘“Some Physical Aspects of Muscular 
Contraction.” 
Friday, August 13 
Dr. Joun H. Norturop .“ Concentration and Purification of 
Bacteriophage.” 
Wednesday, August 18 
Dr. Ropert CuSHMAN Murpuy ..“ The Gates of the Antarctic.” 
Thursday, August 19 
Mr. Joun S. GARTH “To Galapagos aboard Velero III” 
Friday, August 20 
Dr. H. C. Stetson “The Submarine Canyons of the Con- 
tinental Shelf.” 
Monday, August 30 (Under the joint auspices of the Genetics Society of 
America and the Marine Biological Laboratory) 
Dr. Boris Epurussi “Aspects of the Physiology of Gene 
Action.” 
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6. SHORTER SCIENTIFIC PAPERS, 1937 


Tuesday, July 6 


Dr. ErHEL BRowNE HARVEY ... 
Pees. Seam GRACE: .. «+ con sicee 
be: Aceer TIGR oi. <sccccdes 


Tuesday, July 13 


Dr. WARREN ANDREW ......... 


Mr. ZAREH HADIDIAN, 
Mr. Mitton S. DUNN AND 
Dr. RoLAND WALKER ........ 


Dr. ErRNst SCHARRER ........ 


Da. C. Lagp PROSSER ....cccces 


Tuesday, July 20 


Oe Oe eer ere 


Dr. VIKTOR HAMBURGER ....... 


pm; Oecan EB. Scmorvre ........ 


cee 5, Se Se nov kccaccdes 


Tuesday, July 27 
Dr. J. K. W. FerGuson AND 


De FF. A. BSvcmoock. ... 0.06. 


Dr. EuGeNE F. DuBois AND 


Dr. James D. Harpy .......... 


Ree: Feeene: TORO nn occdscscss 


Dr. WILLIAM R. AMBERSON, 
Dr. THomas P. Nasu, 

Dr. ArtHuR G. MULDER AND 
Miss Dorotnuy BINNS ......... 





“ Parthenogenetic Merogony in the 
Naples Sea-urchins.” 

‘““Some Oxidative Properties of Iso- 
lated Amphibian Germinal Ves- 
icles.” 

‘Influence of Temperature and Other 
Agents on the Respiration and 
Development of Marine Eggs.” 


‘Effects of Fatigue Due to Muscular 
Exercise on the Purkinje Cells of 
the Cerebellum of Mice at Various 
Ages.” 


‘Localization in the Oculomotor Nu- 
clei of the Goldfish.” 

‘“Seme New Observations on the Se- 
cretory Activity of Neurons.” 
‘Synaptic Transmission in the Sixth 
Abdominal Ganglion of the Cray- 

fish.” 


“Chemical Stimulation of the Am- 
phibian Ectoderm.”’ 

“Limb Bud Transplantation in Chick 
Embryos.” 

* Adult Organizers and Their Action 
in Adult Tissues.” 

“The Development of a Salamander, 
Amblystoma punctatum,” shown 
by motion pictures. 


“The Effect of Standing on the Car- 
bon Dioxide Content of Alveolar 
Air and Total Ventilation Vol- 
ume.” 


“The Mechanism of the Loss of Heat 
from the Human Body.” 

“Peripheral Inhibition of 
Muscle.” 


Smooth 


“The Relationship of Tissue Chlo- 
ride to Blood Chloride.” 
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Monday, August 2 

Dr. RutH PATRICK “The Use of Diatoms from Geologi- 
cal Excavations at Clovis, New 
Mexico, as Indicators of Water 
Conditions.” 

Mr. H. N. Stoupt ‘“Gemmipary in Kalanchoe rotundi- 
folia and Other Crassulaceae.” 

Mr. A. O. DAHL ‘Pollen Analysis of the Air in Rela- 
tion to Hay-fever.”’ 

Tuesday, August 3 

Dr. P. W. WHITING “A Convenient Test of Physical 
Agents as Producers of Dominant 
Lethals.” 

Dr. BERNARD R. NEBEL “Cytological Observations on Colchi- 
cine.” 

Dr. R. WEISSENBERG ‘Demonstration of Vital Staining 
Preserved in Paraffin Sections of 
Lamprey Embryos.” (Bismark 
Brown Method. ) 

Dr. Witt1aAM R. DurRYEE “Microfilm on Some Experiments on 
Isolated Amphibian Germinal 
Vesicles.” 

Dr. Ropert CHAMBERS “Cortical Cytolysis of the Echino- 
derm Egg.” 

luesday, August 10 

Dr. Francis M. SUMMERS ‘“Some Aspects of Normal and Regu- 
lative Development in the Colonial 
Ciliate, Zodthamnium alternans.” 

Dr. A. A. SCHAEFFER “ Morphology, Behavior and Repro- 
duction in Type A and Type B 
of Chaos chaos Linnaeus, the Gi- 
ant Multi-nucleate Ameoba of 
Roesel.” 

Dr. THEODOR VON BRAND “Observations upon the Chemical 
Composition and the Metabolism 
of a Larval Parasitic Nematode.” 

Dr. Paut S. GALTSOFF “ Observations and Experiments on 
Sex Change in the Adult Ameri- 
can Oyster, Ostrea virginica.” 

Tuesday, August 17 

Dr. ALBERT TYLER AND 

Mr. Norman H. Horowitz “A Sea Water Buffer for Marine 
Eggs.” 

Mr. Epcar C. BLAck AND 

Dr. LAURENCE IRVING “ The Effect of CO, upon the Oxygen 
Capacity of the Blood of Some 
Fresh-Water Fish.” 

Dr. Irvin M. Korr “Oxidative Mechanisms in the Rest- 
ing and Fertilized Sea-urchin 
Egg.” 
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Dr. Kurt G. STERN AND 

Mr. DeLAFIELD Dusols “Methods for the Study of Rapid 
Chemical Reactions and Their Ap- 
plication to the Kinetics of En- 
zyme-Substrate and Enzyme-In- 
hibitor Compound Formation.” 

Tuesday, August 24 

Dr. B. Luyet “Mechanism of Cellular Death by 
Freezing.” 

Dr. D. Mazta “ Binding and Penetration of Bivalent 
Cations in Elodea Cells.” 


Dr. G. H. A. Clowes, 

Miss A. K. KeELTCH AND 

Dr. M. E. Krane “Factors Governing Cellular Re- 
sponses to Nitro and Halo Phe- 


nols.”’ 

Dr. M. E. Kraut, 

Dr. G. H. A. CLOWES AND 

Miss A. K. KELTCH “The Possible Rdle of Acidic Dis- 
sociation in the Physiological Ef- 
fects Produced by Nitro and Halo 
Phenols.” 

Dr. Rupotr HOBER AND 

Dr. BERNARD R. NEBEL “Depolarization of Muscle and Nerve 
Membranes by Organic Sub- 
stances.” 

Dr. A. E. NAVEZ AND 

Dr. ErHet BrowNeE HARVEY ‘Indophenol Oxidase in the Arbacia 
Egg and the Nadi Reagent.” 

Thursday, September 2 
Dr. THEODORE SHEDLOVSKY “The Ionization of Carbonic Acid.” 


GENERAL SCIENTIFIC MEETING, 1937 


Thursday, August 26 

Dr. B. J. LUYET AND 

Mr. E. L. Hoparp “On Some Conditions Determining 
Sub-cooling in Plant Tissues.” 

Dr. B. J. LUYET AND 

Sister P. M. GEHENIO “On the Double Freezing Point of 
Some Living Tissues.” 

Dr. H. J. Curtis AND 

Dr. K. S. “Transverse Electric Impedance of 
the Squid Giant Axon.” 

Dr. K. S. CoLE AND 

Mr. J. M. SPENCER “Electric Impedance of Suspensions 
of Unfertilized and Fertilized Ar- 


bacia Eggs.” 
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. K. S. Cote AnD 

. H. J. Curtis “Electric Impedance of Single Ar- 
bacia Eggs.” 

ae a “The Effect of NaCl on Potentials in 
Nitella.” 

M. J. Kopac “The Coalescence of a Plant Cell with 
Oil Drops.” 

Ernst FISCHER “The Influence of Length, Tension, 
and Tone upon the Birefringence 
of Smooth Muscles (Phascolo- 
soma and Thyone).” 

. SAMUEL A. Corson “The Mechanism of Salt Penetration 
in Amoeba—Some Micromanipu- 
lative Data.” 

. ALEXANDER HOLLAENDER “The Efficiency of Monochromatic 
Ultraviolet Radiation in the Acti- 
vation of Arbacia Eggs.” 

. Erne, Browne HarvVEY AND 

. ALEXANDER HOLLAENDER “ Activation of Centrifuged Whole 
Eggs of Arbacia and Their Frac- 
tions by Monochromatic Ultra- 
violet Radiation.” 


Dr. B. R. NEBEL, 

Dr. E. B. Harvey AND 

Dr. ALEXANDER HOLLAENDER “The Cytology of Arbacia punctulata 
Activated by Monochromatic UI- 


traviolet Radiation.” 

Mr. Joun A. FRANK “The Relationship of Sperm Extracts 
to the Fertilization Reaction in 
Arbacia.” 

Dr. L. V. HEILBRUNN AND 

Mr. Kart M. WILBuR “Stimulation and Nuclear Breakdown 
in the Nereis Egg.” 

Mr. Epwarp L. CHAMBERS “The Movement of the Egg Nucleus 
in Relation to the Sperm Aster in 
Echinarachnius.”’ 

Dr. Ropert CHAMBERS “The Physical State of the Wall of 
the Furrow in a Dividing Cell.” 

Friday, August 27 

Dr. A. OrvILLE DAHL “Chromosome Studies in Sundew 
( Drosera).” 

Miss M. CATHERINE Hincuey ...“ Mitosis in the Giant Amoeba, Chaos 
chaos Linnaeus.” 

Dr. JAMES A. MILLER “ Some Effects of Oxygen on Polarity 
in Tubularia crocea.” 

Dr. FAirH STONE MILLER AND 

Dr. JAMES A. MILLER “Some Effects of Strychnine on Re- 
constitution of Hydranth Primor- 
dia in Tubularia crocea.” 

Dr. Horace W. STUNKARD “The Life Cycle of Moniezia ex- 
pansa.”’ 
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Dr. Ricuarp G. ABELL AND 

ke. Besar ER: COA 6 ccc ccccees “A New Method for Studying the 
pH of the Intercellular Substance 
in the Living Mammal.” 

Dr. RicHarp G. ABELL AND 

ee Bee ER; CLARE: . dscieascvce “The Behavior of Living Mammalian 
Arterioles, Capillaries, and Ven- 
ules When Exposed to CO,.” 

Dr. Ertior R. CLARK AND 


Mrs. ELeanor Linton Ciark ....‘ The Control of Peripheral Circula- 
tion in the Mammal.” 

Dn: Louis LORPTEER 6:3 6c nc ccccas “The Structure of the Liver Lobule.” 

Dr. JoHn B. GayLor AND 

Dr. ERNST SCHARRER .....000000- ‘“A Preliminary Note on the Innerva- 


tion of the Swim-bladder of the 
Sea-robin.” 

Dr. W. GARDNER LYNN ......... “The Origin and Development of the 
Thyroid in Eleutherodactylus, an 
Anuran with No Tadpole Stage.” 

Miss VIRGINIA MAYO ..........- “Some Effects of Mammalian Folli- 
cle-stimulating and Luteinizing 
Hormones in Adult Female Uro- 
deles.” 


Pie 6. TT, BAO. 2 iciccvccsces “The Relation of Melanophore Re- 
sponses to Vascular Disturb- 
ances.” 


Mr. E. P. H1atr AND 


De 5; We. PRRGUOON 0. cinvcscs “Some Effects of Chloroform on the 
Respiratory Systems of Yeast.” 
PPR; FRA BRACE icc dc censieeses “The Oxygen Consumption of Acti- 


vated and Fertilized Eggs of 
Chaetopterus.” 

Dr. M. E. Kraut, 

Miss ANNA K. KELTCH AND 

Pree (5; FE: A, CROW oc cc cccscesc “Influence of Respiratory Inhibitors 
on Stimulation of Metabolism by 
Nitro and Halo Phenols.” 

Dr. G. H. A. Clowes, 

Dr. M. E. KRAHL AND 

Miss ANNA K. KELTCH .......... “ Substituted Phenols as Inhibitants 
of the Fertilization of Arbacia 
and of Ciliary Movement of Are- 
nicola Larvae.” 

Miss ANNA K. KeEttcu, 

Dr. M. E. KRAHL AND 

ee: ae ee ee “Stimulation of the Rate of Cell Di- 
vision of Arbacia Eggs by Car- 
cinogenic Hydrocarbons.” 

Dr. ALBERT TYLER AND 

Mr. N. H. Horow!1z ............ ‘The Molecular Species Concerned in 

the Action of Substituted Phenols 

on Marine Eggs.” 
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Dr. Kurt C. 
Dr. Kurt SALOMON 


Mr. Louts-PAu! 
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Dr. LAURENCE IRVING 


Dr. J. K. W. Fercuson 


Mr. E. C. Black 


Dr. J. K. W. Fercuson, 
Mr. S. M. HorvatH AND 
Dr. J. A. PAPPENHEIMER 


Dr. M. H. JAcops AND 


Dr. A. K. PARPART 


Dr. A. K. PARPART, 
Dr. M. H. Jacogs AND 


Mr. A. 


Dr. L. 


Dr. StnisHa B. BoGpANovITcH 


Dr. SINISHA B. 


Mr. BArRY 


Dr. Joun A. Friscu, S.J. 


Dr. CHARLOTTE HAywoop 
TURNER 


Dr. A 


G. 


BBY 


,ARTH 


J. Dz1ENMIAN 


PAPERS 


COMMONER 


Dr. WALTER N. HEss 


Dr. Hore Hipparp 
Dr. D. L. Hopkins 


Miss 


Lots 


HUTCHINGS 


STERN AND 


DUGAL 


30GDANOVITCH 


eruwa “ Ovoverdin, a Pigment Chemically 


Related to Visual Purple.” 


“The Increase of CO, and Decalci- 
fication in Certain Pelecypods.” 


“The Effect of pH and_ Ionic 
Strength on the Activity of Car- 
bonic Anhydrase.” 


“The State of Carbon Dioxide in 
Dogfish Blood.” 


ei aaa “The Influence of Certain Alcohols 


on the Permeability of the Eryth- 
rocyte.” 


“Tonic Exchanges of Erythrocytes 
Inferred from Volume Changes.” 


READ BY TITLE 


cneacata “ Oxygen as a Controlling Factor in 


the Regeneration of Tubularia.” 


..' The Effects of Different Drugs on 


the Melanophores of Fundulus 
heteroclitus.” 


..‘ Further Investigations on the Effect 


of Tissue on Different Drugs.” 


ones “A Quantitative Study of the Stain- 


ing of Marine Eggs by Neutral 
Red.” 

“The Adaptation of Paramecium to 
Sea-water.” 


“The Water and Fat Content of Skel- 
etal Muscle in Marine Fishes.” 


ee “ Reactions to Light of Different In- 


tensities in Dolichoglossus kowa- 
levskyi.” 


eecceil “The Hatching of the Squid.” 
eee “The Vacuole System of the Marine 


Amoeba, Flabellula mira.” 


eerie “ Effect of Electrical Shocks upon the 


Division Rate of Stylonychia pus- 
tulata as Measured by the Inter- 
divisional Period.” 
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Dr. M. H. JAcoss anD 
Mr. H. N. GLASSMAN ... 


Ee? 5, Bs JOGGIM 3 cco 
Miss Etsa M. KEIL AND 

Da. F. J. M. Sicmme .... 
Mr. Joun A. Moore .... 
Mr. FLtoyp Moser ....... 
Mr. FLoyp Moser ....... 
Dr. MAGNuS OLSON ..... 


Dr. C. Lapp PRosSER AND 
Mr. A. H. CHAMBERS, JR. 


Dr. Leonarp P. SAYLES . 


Dr. A. A. SCHAEFFER ... 


Dr. Ernst SCHARRER .... 


Dr. Victor SCHECHTER .. 


Dr. F. O. SCHMITT AND 


Dr. Orto H. SCHMITT ... 


Dr. F. J. M. StcHEL AND 
Dr. C. Lapp PROSSER .... 


Dr. H. Burr STEINBACH . 


Dr. Harry N. Stoupt ... 


i A 


Dr. Assy H. TURNER AND 
Dr. CHARLOTTE Haywoop 


see ew enee 


seer eeee 


see eeeee 





Further Comparative Studies on the 
Permeability of the Erythrocyte.” 


‘The Attenuation of Toxins by Inter- 


facial Adsorption.” 


‘The Action of Acetylcholine on the 


Skeletal Muscle Fibers of the 
Frog.” 


‘The Effect of Pituitary on Nuclear 


Changes in the Egg of the Frog.” 


‘The Effect of Urea upon the Sur- 


face of Unfertilized Arbacia punc- 
tulata Eggs.” 


‘The Cortical Response of Arbacia 


punctulata Eggs to Direct Cur- 
rent.” 


‘The Histology of the Retractor 


Muscles of Thyone briareus Le- 
sueur.” 


‘ Strength-Duration Curves of Nerve 


Fibers in the Squid.” 


‘“ New Structures Induced by Implants 


of Adult Nerve Cord in the Poly- 
chaete, Clymenella torquata.” 


“Cytoplasmic Division in Type B of 


the Giant Amoeba Chaos chaos 
Linnaeus.” 


‘The Sense of Taste in the Free Fin 


Rays of the Sea Robin (Priono- 
tus).” 


‘Calcium and Magnesium in Relation 


to Longevity of Mactra, Nereis 
and Hydroides Egg Cells.” 


“A Convenient Method for the Meas- 


urement of Nerve Respiration.” 


“Temporal Relations in the Excita- 


tion of the Isolated Muscle Fiber.” 


‘Electrolytes in Phascolosoma Mus- 


cle.” 


“Leaf Development and Vegetative 


Propagation in Polystichum plas- 
chnickianum.” 


‘Morphological and Experimental 


Cytology of Lobster Spermato- 
zoa.” 


“ Observations on Arterial Pressure in 


Marine Fishes.” 
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Dr. ALBERT TYLER, 

Miss Neutpa Ricct AND 

a eee “Respiratory Rate and Length of 
Fertilizable Life of Unfertilized 
Arbacia Eggs under Sterile and 
Non-sterile Conditions.” 

Da; A. J; WATERMAN ..cccicccces “The Effect upon Gastrulation and 


Differentiation in Arbacia_ of 
NiCl,, CuCl,, and Na,SiO, in 
Modified Artificial Sea Water.” 


Dr. RALPH WICHTERMAN ........ “Studies on Living Conjugants of 
Paramecium caudatum.” 
Dr. RALPH WICHTERMAN ........ “Conjugation in Paramecium tri- 


chium Stokes (Protozoa, Ciliata) 
with Special Reference to the Nu- 
clear Phenomena.” 

Se ae “Mitotic Activity of Stimulated Rat 
Adrenals Measured by Colchicine 
Technique.” 

cee, Cae BE: WOES 6 cicscccescas “Induced Breeding Reactions in Iso- 
lated Male Frogs, Rana pipiens 
Schreber.” 


DEMONSTRATIONS 


Thursday, August 26 
Dr. S. E. Ponp AND 
Be Ba Es bas ban ees codesiew “Sources of Working Current for a 
Potentiometer.” 
Dr. R. CHAMBERS AND 


mR Be. W.. ZRIPACR: occ cc ccececs “ Micro-manipulative Studies of Blood 
Capillaries.” 

Se ee ee ON skins odaennian “ Stages in the Development of Lymph 
Nodules.” 

Sk ee ae EEN so caticedeadeonnen “Individual Variations in Salivary 


Amylase in Man.” 

Dr. K. S. Core, 

Dr. H. J. Curtis AND 

ee | “ Alternating Current Wheatstone 
Bridge for Impedance Measure- 
ments at Frequencies from 30 to 
10,000,000 Cycles.” 

Dr. E. R. CLARK AND 


Mrs. ELeanor L. CLARK ......... “Control of the Peripheral Circula- 
tion as Seen in the Living Mam- 
mal,” 


Dr. R. G. ABELL AND 

MG Bee 0s SOR ocd 6s a5 oe peseaes “ A New Method for Studying the pH 
of the Intercellular Substance in 
the Living Mammal.” 

Da. V. TEAMBURGER: ok ns cccccccns “Limb-bud Transplantation in Chick 

Embryos.” 


pti Si alt 





dis Leta 











Mr. 


Dr. 
Dr. 


Dr. 
Dr. 
Dr. 
Dr. 
Dr. 
Dr. 
Dr. 


Dr. 


Dr. 


Dr. 
Dr. 


Dr. 


Dr. 


Dr. 


Dr. 


Mr. 
Dr. 


Mr. 


Peer 


F. O. SCHMITT AND 


OC. BE. See ov cceccs 


F. O. ScuMiIrtrt, 
O. H. ScHMITT AND 


ee esis os buses 


M. SONNEBORN ...... 


re MA ib or btiecaa wey 
Raed 
ee ee 


i, IIE oo wwe weer 
CS. BEING ic occaeee 
H. IRENE COREY ........ 


D. H. WENRICH ....... 
C. L. PARMENTER ...... 


A A. SCRAIOEE keke a 


A. ic PARMAR oc cccaes 


a) PE os sc ane awen as 


TE RD ask arose 


. F. Boss AND 


I 
Fe PN . cccecaee se 


Ci, Oa. CeO. 3 ca ae ooo 
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“Types of Hermaphroditism in Mol- 
lusca.” 


“A Convenient Method for the Meas- 
urement of Nerve Respiration.” 


* Action Potentials from the Giant 
Axon of the Squid, Loligo pealii.” 

* Action Currents in Nitella.” 

* Sexuality in Paramecium.” 

“Tnnervation of the Swim-bladder of 
the Sea-robin.” 

‘Volume Changes of Muscle on Con- 
traction.” 

“ Relation of the Apical Cell to the 
Germ Cell in the Grasshopper 
Testis.” 

“Polar Elements of Orthopteran 
Chromosomes.” 

“ Mitosis in Dientamoeba fragilis.” 

a) “Haploid, Diploid, and Triploid 
Mitoses in Parthenogenetic Frog 
Tadpoles.” 

b) “Mono, Di, Tri, and Tetra-nu- 
cleate Blood Cells in Haploid 
Parthenogenetic Frog Tadpoles.” 

Types A and B of Chaos chaos Lin- 
naeus, the Large Multinucleate 
Amoeba of Roesel.” 

a) “ Method for the Rapid and Com- 
plete Separation of Erythrocytes 
from a Surrounding Medium.” 

(b) “Volume Changes of Erythro- 
cytes Produced by an Ionic Ex- 
change.” 

‘New X-ray Equipment of the Ma- 
rine Biological Laboratory.” 

a) “ Morphological and Experimen- 
tal Cytology of Lobster Spermato- 
zoa.” 

(b) “The Nervous System of Dog- 
fish Embryos.” 


“Combination Thermostat, Heat In- 
terchanger and Relay Unit for 
Constant Temperature Bath.” 

“Cytolytic Effects on Marine Eggs 
after Puncturing with Micr 

needles.” 


O- 
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“ Living Valonia Aplanospores.” 
(b) “Apparatus for Delivering Oil 
Drops under Constant Pressure.” 

ELEANOR CAROTHERS ........(a) “ Development of Mid-gut of Me- 
lanoplus differentialis.” 

(b) “ Effects of X-rays on Grasshop- 
per Embryos.” 

A. HoLLAENDER “ Equipment for Work with Measured 
Quantities of Monochromatic Ra- 
diation in the Visible and Ultra- 
violet.” 

. F. Boss, 

A. HoLLAENDER AND 

>. E. Ponp “Inexpensive 500 Volt D.C. Power- 
supply for High Intensity Ultra- 
violet.” 

. R. NEBEL AND 

<. B. Harvey “ Cytological Observations on Arbacia 
Eggs Activated by Monochromatic 
Ultra-violet Radiation.” 

. LOEFFLER “Injected Liver of Toadfish.” 
. W. Root AND 
“Use of the Constant Flow Method 
for Serial Determinations of Oxy- 
gen Consumption in Toadfish.” 


8. MEMBERS OF THE CORPORATION 


1. Lire MEMBERS 


Auuis, Mr. E. P., Jr., Palais Carnoles, Menton, France. 

AnpDrREws, Mrs. GWENDOLEN Fou_LkeE, Baltimore, Maryland. 

Bittinecs, Mr. R. C., 66 Franklin St., Boston, Massachusetts. 

ConKLIN, Pror. Epwin G., Princeton University, Princeton, New 
Jersey. 

Crane, Mr. C. R., New York City. 

Evans, Mrs. GLENDowER, 12 Otis Place, Boston, Massachusetts. 

Foot, Miss KATHERINE, Care of Morgan Harjes Cie, Paris, France. 

GARDINER, Mrs. E. G., Woods Hole, Massachusetts. 

Jackson, Miss M. C., 88 Marlboro St., Boston, Massachusetts. 

Jackson, Mr. Cuas. C., 24 Congress St., Boston, Massachusetts. 

Kipper, Mr. NATHANIEL T., Milton, Massachusetts. 

Kine, Mr. Cas. A. 

Lee, Mrs. Freperic S., 279 Madison Ave., New York City. 

Lee, Pror. F. S., College of Physicians and Surgeons, New York City. 

Lewis, Pror. W. H., Johns Hopkins University, Baltimore, Maryland. 

Morcan, Mr. J. Prerpont, Jr., Wall and Broad Sts., New York City. 
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Morcan, Pror. T. H., Director of Biological Laboratory, California 
Institute of Technology, Pasadena, California. 

Morcan, Mrs. T. H., Pasadena, California. 

Morritt, Dr. A. D., Hamilton College, Clinton, N. Y. 

Noyes, Miss Eva J. 

Porter, Dr. H. C., University of Pennsylvania, Philadelphia, Pennsyl- 
vania. 

Sears, Dr. Henry F., 86 Beacon St., Boston, Massachusetts. 

SHEpp, Mr. E. A. 

THORNDIKE, Dr. Epwarp L., Teachers College, Columbia University, 
New York City. 

TREADWELL, Pror. A. L., Vassar College, Poughkeepsie, N. Y. 

TRELEASE, Pror. WILLIAM, University of Illinois, Urbana, Illinois. 

Witson, Dr. E. B., Columbia University, New York City. 


2. REGULAR MEMBERS, 1937 


Apams, Dr. A. ELizAsetuH, Mount Holyoke College, South Hadley, 
Massachusetts. 

Appison, Dr. W. H. F., University of Pennsylvania Medical School, 
Philadelphia, Pennsylvania. 

ApoLtpH, Dr. Epwarp F., University of Rochester Medical School, 
Rochester, New York. 

ALLEE, Dr. W. C., The University of Chicago, Chicago, Illinois. 

ALLyN, Dr. Harriet M., Mount Holyoke College, South Hadley, Mas- 
sachusetts. 

AMBERSON, Dr. WILLIAM R., Department of Physiology, University of 
Maryland, School of Medicine, Lombard and Greene Streets, Balti- 
more, Maryland. 

ANDERSON, Dr. E. G., California Institute of Technology, Pasadena, 
California. 

ARMSTRONG, Dr. Puivip B., University of Alabama, Medical School, 
Tuscaloosa, Alabama. 

Austin, Dr. Mary L., Wellesley College, Wellesley, Massachusetts. 

3AITSELL, Dr. GeorGE A., Yale University, New Haven, Connecticut. 

3AKER, Dr. H. B., University of Pennsylvania, Philadelphia, Pennsyl- 
vania. 


BaLpwIn, Dr. F. M., University of Southern California, Los Angeles, 
California. 


3aLL, Dr. Eric G., Johns Hopkins Medical School, Baltimore, Mary- 
land. 

3ALLARD, Dr. WILLIAM W., Dartmouth College, Hanover, New Hamp- 
shire. 
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3aRD, Pror. Puriip, Johns Hopkins Medical School, Baltimore, Mary- 
land. 

3ARRON, Dr. E. S. Guzman, Department of Medicine, The University 
of Chicago, Chicago, Illinois. 

3arTH, Dr. L. G., Department of Zodlogy, Columbia University, New 
York City. 

Beapte, Dr. G. W., School of Biological Sciences, Stanford University, 
California. 

BeckwitH, Dr. Cora J., Vassar College, Poughkeepsie, New York. 

3EHRE, Dr. Etrnor H., Louisiana State University, Baton Rouge, Lou- 
isiana, 

3ENNITT, Dr. Rupotr, University of Missouri, Columbia, Missouri. 

BiceLtow, Dr. H. B., Museum of Comparative Zoology, Cambridge, 
Massachusetts. 

BiceLow, Pror. R. P., Massachusetts Institute of Technology, Cam- 
bridge, Massachusetts. 

3INFORD, Pror. RayMonp, Guilford College, Guilford College, North 
Carolina. 

BIssONNETTE, Dr. T. Hume, Trinity College, Hartford, Connecticut. 

BLANCHARD, Pror. KENNETH C., Washington Square College, New 
York University, New York City. 

Bovine, Dr. J. H., Department of Zodlogy, State University of Iowa, 
Iowa City, Iowa. 

Borinc, Dr. Arice M., Yenching University, Peking, China. 

Bozier, Dr. Emit, Ohio State University, Columbus, Ohio. 

3RADLEY, Pror. Harotp C., University of Wisconsin, Madison, Wis- 
consin. 

Brinces, Dr. Carvin B., California Institute of Technology, Pasadena, 
California. 

BRONFENBRENNER, Dr. JAcQguEs J., Department of Bacteriology, Wash- 
ington University Medical School, St. Louis, Missouri. 

Bronk, Dr. D. W., University of Pennsylvania, Philadelphia, Pennsyl- 
vania, 

3rooKs, Dr. S. C., University of California, Berkeley, California. 

3ROWN, Dr. Ducatp E. S., New York University, College of Medicine, 
New York City. 

BuckKINGHAM, Miss Epitu N., Sudbury, Massachusetts. 

BupINncTON, Pror. R. A., Oberlin College, Oberlin, Ohio. 

3ULLINGTON, Dr. W. E., Randolph-Macon College, Ashland, Virginia. 

Bumpus, Pror. H. C., Duxbury, Massachusetts. 

Byrnes, Dr. Estuer E., 1803 North Camac Street, Philadelphia, Penn- 
sylvania. 
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CaLkINs, Pror. Gary N., Columbia University, New York City. 

CALVERT, Pror. Puiip P., University of Pennsylvania, Philadelphia, 
Pennsylvania. 

CANNAN, Pror. R. K., New York University College of Medicine, 477 
First Avenue, New York City. 

“ARLSON, Pror. A. J., Department of Physiology, The University of 
Chicago, Chicago, Illinois. 

“AROTHERS, Dr. E. ELEANoR, Department of Zodlogy, State University 
of Iowa, Iowa City, Iowa. 

CARPENTER, Dr. Russett L., College of Physicians and Surgeons, Co- 
lumbia University, 630 W. 168th Street, New York City. 

CARROLL, Pror. MircHeEt, Franklin and Marshall College, Lancaster, 
Pennsylvania. 

Carver, Pror. Gait L., Mercer University, Macon, Georgia. 

CATTELL, Dr. MCKEEN, Cornell University Medical College, 1300 York 
Avenue, New York City. 

CaTTELL, Pror. J. McKeen, Garrison-on-Hudson, New York. 

CATTELL, Mr. Ware, Garrison-on-Hudson, New York. 

CHAMBERS, Dr. Rospert, Washington Square College, New York Uni- 
versity, Washington Square, New York City. 

CueEney, Dr. Ratpu H., Biology Department, Long Island University, 
Brooklyn, New York. 

CuipesTeErR, Pror. F. E., Auburndale, Massachusetts. 

Cup, Pror. C. M., Jordan Hall, Stanford University, California. 

Ciark, Pror. E. R., University of Pennsylvania Medical School, Phila- 
delphia, Pennsylvania. 

Ciark, Dr. LEONARD B., Union College, Schenectady, New York. 

CLELAND, Pror. Ratpu E., Goucher College, Baltimore, Maryland. 

Crowes, Dr. G. H. A., Eli Lilly and Co., Indianapolis, Indiana. 

Cor, Pror. W. R., Yale University, New Haven, Connecticut. 

Coun, Dr. Epwin J., 183 Brattle Street, Cambridge, Massachusetts. 

CoLe, Dr. Evsert C., Department of Biology, Williams College, Wil- 
liamstown, Massachusetts. 

Coie, Dr. KenNeEtH C., College of Physicians and Surgeons, Columbia 
University, 630 W. 168th Street, New York City. 

Core, Dr. Leon J., College of Agriculture, Madison, Wisconsin. 

CotLettT, Dr. Mary E., Western Reserve University, Cleveland, Ohio. 

Cotton, Pror. H. S., Box 601, Flagstaff, Arizona. 

CoonFIELD, Dr. B. R., Brooklyn College, 80 Willoughby Street, Brook- 
lyn, New York. 

CopELAND, Pror. MANTON, Bowdoin College, Brunswick, Maine. 

CosTELLo, Dr. Donan P., Department of Zoology, University of North 
Carolina, Chapel Hill, North Carolina. 


. 
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CostetLto, Dr. HELEN MILLER, Department of Zoology, University of 
North Carolina, Chapel Hill, North Carolina. 

Cowpry, Dr. E. V., Washington University, St. Louis, Missouri. 

Crampton, Pror. H. E., Barnard College, Columbia University, New 
York City. 

Crane, Mrs. C. R., Woods Hole, Massachusetts. 

Crowe i, Dr. P. S., Jr., Department of Zodlogy, Miami University, 
Oxford, Ohio. 

Curtis, Dr. Maynie R., Crocker Laboratory, Columbia University, 
New York City. 

Curtis, Pror. W. C., University of Missouri, Columbia, Missouri. 

Dan, Dr. Katsuma, Misaki Biological Station, Misaki, Japan. 

Davis, Dr. Donatp W., College of William and Mary, Williamsburg, 
Virginia. 

Dawson, Dr. A. B., Harvard University, Cambridge, Massachusetts. 

Dawson, Dr. J. A., The College of the City of New York, New York 
City. 

DeperER, Dr. PAuLine H., Connecticut College, New London, Con- 
necticut. 

Ditter, Dr. WiLtiAm F., Dartmouth College, Hanover, New Hamp- 
shire. 

Dopps, Pror. G. S., Medical School, University of West Virginia, Mor- 
gantown, West Virginia. 

Dotiey, Pror. WILLIAM L., University of Buffalo, Buffalo, New York. 

Donacpson, Pror. H. H., Wistar Institute of Anatomy and Biology, 
Philadelphia, Pennsylvania. 

Donatpson, Dr. Joun C., University of Pittsburgh, School of Medi- 
cine, Pittsburgh, Pennsylvania. 

DuBois, Dr. EucGene F., Cornell University Medical College, 1300 
York Avenue, New York City. 

Duccar, Dr. BENJAMIN M., University of Wisconsin, Madison, Wis- 
consin. 

Dunaay, Dr. Nett S., Carleton College, Northfield, Minnesota. 

DuryeeE, Dr. WILLIAM R., Department of Biology, Washington Square 
College, New York University, New York City. 

Epwarps, Dr. D. J., Cornell University Medical College, 1300 York 
Avenue, New York City. 

Exits, Dr. F. W., Monson, Massachusetts. 

FAURE-FREMIET, Pror. EMMANUEL, Collége de France, Paris, France. 


Fercuson, Dr. James K. W., Department of Physiology, Ohio State 


University, Columbus, Ohio. 
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FiscHER, Dr. Ernst, Department of Physiology, Medical College of 
Virginia, Richmond, Virginia. 

FisHEer, Dr. KENNETH C., Department of Biology, University of To- 
ronto, Toronto, Canada. 

FLEISHER, Dr. Moyer S., School of Medicine, St. Louis University, 
St. Louis, Missouri. 

Forses, Dr. ALEXANDER, Harvard University Medical School, Boston, 
Massachusetts. 

Fry, Dr. Henry J., Cornell University Medical College, 1300 York 
Avenue, New York City. 

Gace, Pror. S. H., Cornell University, Ithaca, New York. 

Gattsorr, Dr. Paut S., 420 Cumberland Avenue, Somerset, Chevy 
Chase, Maryland. 

GarreEY, Pror. W. E., Vanderbilt University Medical School, Nashville, 
Tennessee. 

Gates, Pror. R. Ruccies, University of London, London, England. 

GEISER, Dr. S. W., Southern Methodist University, Dallas, Texas. 

GERARD, Pror. R. W., The University of Chicago, Chicago, Illinois. 

GLAsER, Pror. O. C., Amherst College, Amherst, Massachusetts. 

GocpFors, Pro. A. J., College of the City of New York, Convent Ave- 
nue and 139th Street, New York City. 

GoopricH, Pror. H. B., Wesleyan University, Middletown, Connecticut. 

GRAHAM, Dr. J. Y., University of Alabama, University, Alabama. 

Grave, Pror. B. H., DePauw University, Greencastle, Indiana. 

Grave, Pror. CASWELL, Washington University, St. Louis, Missouri. 

Gray, Pror. Irvine E., Duke University, Durham, North Carolina. 

Grecory, Dr. Louise H., Barnard College, Columbia University, New 
York City. 

Guturie, Dr. Mary J., University of Missouri, Columbia, Missouri. 

Guyer, Pror. M. F., University of Wisconsin, Madison, Wisconsin. 

Haptey, Dr. CHArtes E., Teachers College, Montclair, New Jersey. 

Hauke, Dr. FLorENcE, Sweet Briar College, Sweet Briar, Virginia. 

Hai, Pror. Frank G., Duke University, Durham, North Carolina. 

HAMBURGER, Dr. Viktor, Department of Zodlogy, Washington Uni- 
versity, St. Louis, Missouri. 

Hance, Dr. Rosert T., University of Pittsburgh, Pittsburgh, Pennsyl- 
vania. 

Harcitt, Pror. Georce T., Department of Zodlogy, Duke University, 
Durham, North Carolina. 

HARMAN, Dr. Mary T., Kansas State Agricultural College, Manhattan, 
Kansas. 
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Harn ty, Dr. Morris H., Washington Square College, New York Uni- 
versity, New York City. 

Harper, Pror. R. A., Columbia University, New York City. 

Harrison, Pror. Ross G., Yale University, New Haven, Connecticut. 

HartTiine, Dr. H. Kerrer, University of Pennsylvania, Philadelphia, 
Pennsylvania. 

Harvey, Dr. Ernet Browne, 48 Cleveland Lane, Princeton, New 
Jersey. 

Harvey, Dr. E. Newton, Guyot Hall, Princeton University, Princeton, 
New Jersey. 

Haypen, Dr. Marcaret A., Wellesley College, Wellesley, Massachu- 
setts. 

Hayes, Dr. FrepericKk R., Zoological Laboratory, Dalhousie Univer- 
sity, Halifax, Nova Scotia. 

Haywoop, Dr. CHarLotte, Mount Holyoke College, South Hadley, 
Massachusetts. 

Hazen, Dr. T. E., Barnard College, Columbia University, New York 
City. 

Hecut, Dr. Sevic, Columbia University, New York City. 

HEILBRUNN, Dr. L. V., Department of Zodlogy, University of Pennsyl- 
vania, Philadelphia, Pennsylvania. 

HENDEE, Dr. EsTHER CrissEy, Russell Sage College, Troy, New York. 

Hensuaw, Dr. Paut S., Memorial Hospital, 2 West 106th Street, New 
York City. 

Hess, Pror. WALTER N., Hamilton College, Clinton, New York. 

Hissarp, Dr. Hore, Department of Zodlogy, Oberlin College, Oberlin, 
Ohio. 

Hitt, Dr. SAMUEL E., The Rockefeller Institute, 66th Street and York 
Avenue, New York City. 


Hisaw, Dr. F. L., Harvard University, Cambridge, Massachusetts. 


HoapLey, Dr. Leicu, Harvard University, Cambridge, Massachusetts. 

H6ser, Dr. Rupotr, University of Pennsylvania, Philadelphia, Penn- 
sylvania. 

Hocur, Dr. Mary J., 503 N. High Street, West Chester, Pennsylvania. 

HoLLAENDER, Dr. ALEXANDER, c/o National Institute of Health, Lab- 
oratory of Ind. Hygiene, 25th and E Street, N. W., Washington, 
D.C. 

Hooker, Pror. DAvENPorT, University of Pittsburgh, School of Medi- 
cine, Department of Anatomy, Pittsburgh, Pennsylvania. 

Horxins, Dr. Dwicut L., Duke University, Durham, North Carolina. 

Hopkins, Dr. Hoyt S., New York University, College of Dentistry, 
New York City. 
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Howe, Dr. H. E., 2702 36th Street, N. W., Washington, D. C. 

How tanp, Dr. Ruta B., Washington Square College, New York Uni- 
versity, Washington Square East, New York City. 

Hoyt, Dr. Witt1am D., Washington and Lee University, Lexington, 
Virginia. 

Hyman, Dr. Liesie H., 85 West 166th Street, New York City. 

IrviNG, Pror. LAURENCE, Swarthmore College, Swarthmore, Pennsyl- 
vania. 

Jackson, Pror. C. M., University of Minnesota, Minneapolis, Minne- 
sota. 

Jacoss, Pror. MerKet H., School of Medicine, University of Pennsyl- 
vania, Philadelphia, Pennsylvania. 

Jenxins, Dr. Georce B., George Washington University, 1335 M 
Street, N. W., Washington, D. C. 

Jennincs, Pror. H. S., Johns Hopkins University, Baltimore, Mary- 
land. 

Jewett, Pror. J. R., Harvard University, Cambridge, Massachusetts. 

Jouttn, Dr. J. M., Vanderbilt University Medical School, Nashville, 
Tennessee. 

Just, Pror. E. E., Howard University, Washington, D. C. 

KAUFMANN, Pror. B. P., Carnegie Institution, Cold Spring Harbor, 
Long Island, New York. 


KEEFE, Rev. ANsELM M., St. Norbert College, West Depere, Wiscon- 
sin. 


Ket, Pror. Etsa M., Zodlogy Department, New Jersey College for 
Women, New Brunswick, New Jersey. 

Kipper, Dr. Georce W., Brown University, Providence, Rhode Island. 

KILLE, Dr. Frank R., Swarthmore College, Swarthmore, Pennsylvania. 

KINDRED, Dr. J. E., University of Virginia, Charlottesville, Virginia. 

Kinc, Dr. Heten D., Wistar Institute of Anatomy and Biology, 36th 
Street and Woodland Avenue, Philadelphia, Pennsylvania. 

KiNG, Dr. Rosert L., State University of Iowa, lowa City, Iowa. 

Krncssury, Pror. B. F., Cornell University, Ithaca, New York. 

Kwnower, Pror. H. McE., 924 Hichman Road, Augusta, Georgia. 

Know ton, Pror. F. P., Syracuse University, Syracuse, New York. 

Kopac, Dr. M. J., Washington Square College, New York University, 
New York City. 

Korr, Dr. I. M., Department of Physiology, Washington Square Col- 
lege, New York University, New York City. 

KRAHL, Dr. M. E., Lilly Research Laboratories, Indianapolis, Indiana. 

LANCEFIELD, Dr. D. E., Columbia University, New York City. 
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LANGE, Dr. Matuitpe M., Wheaton College, Norton, Massachusetts. 

Lewis, Pror. I. F., University of Virginia, Charlottesville, Virginia. 

Littie, Pror. FRANK R., The University of Chicago, Chicago, Illinois. 

Littie, Pror. Ratpu S., The University of Chicago, Chicago, Illinois. 

Linton, Pror. Epwin, University of Pennsylvania, Philadelphia, Penn- 
sylvania, 

Lors, Pror. Leo, Washington University Medical School, St. Louis, 


Missouri. 

LowTHER, Mrs. FLoreNce pvEL., Barnard College, Columbia Univer- 
sity, New York City. 

Lucas, Dr. ALFrep M., Iowa State College, Ames, Iowa. 

Lucké, Pror. BaLpurn, University of Pennsylvania, Philadelphia, 


Pennsylvania. 

LuscomBE, Mr. W. O., Woods Hole, Massachusetts. 

Lyncu, Dr. Ciara J., Rockefeller Institute, 66th Street and York 
Avenue, New York City. 

Lyncu, Dr. Rutu StocxineG, Maryland State Teachers College, Tow- 
son, Maryland. 

MacCarpte, Dr. Ross C., School of Medicine, Duke University, Dur- 
ham, North Carolina. 

MacDoueatt, Dr. Mary S., Agnes Scott College, Decatur, Georgia. 

McCune, Pror. C. E., University of Pennsylvania, Philadelphia, 
Pennsylvania. 

McGrecor, Dr. J. H., Columbia University, New York City. 

Macktin, Dr. Cuartes C., School of Medicine, University of Western 
Ontario, London, Canada. 

Matone, Pror. E. F., Department of Anatomy, College of Medicine, 
University of Cincinnati, Cincinnati, Ohio. 

MANWELL, Dr. Recinatp D., Syracuse University, Syracuse, New 
York. 

Marstanp, Dr. Doucras A., Washington Square College, New York 
University, New York City. 

Martin, Pror. E. A., Department of Biology, Brooklyn College, 80 
Willoughby Street, Brooklyn, New York. 

Mast, Pror. S. O., Johns Hopkins University, Baltimore, Maryland. 

Matuews, Pror. A. P., University of Cincinnati, Cincinnati, Ohio. 

Mattuews, Dr. Samuet A., Thompson Biological Laboratory, Wil- 
liams College, Williamstown, Massachusetts. 

Mavor, Pror. James W., Union College, Schenectady, New York. 

Mepes, Dr. Grace, Lankenau Research Institute, Philadelphia, Penn- 
sylvania. 
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Metcs, Dr. E. B., Dairy Division Experimental Station, Beltsville, 


Maryland. 

Meics, Mrs. E. B., 1738 M Street, N. W., Washington, D. C. 

MetcacF, Pror. M. M., 51 Annawan Road, Waban, Massachusetts. 

Metz, Pror. CHartes W., Johns Hopkins University, Baltimore, 
Maryland. 

MicuHae.is, Dr. Leonor, Rockefeller Institute, 66th Street and York 
Avenue, New York City. 

Mitter, Dr. J. A., Department of Zodlogy, Ohio University, Athens, 
Ohio. 

MitcHett, Dr. Puitie H., Brown University, Providence, Rhode 
Island. 

Moore, Dr. Cart R., The University of Chicago, Chicago, Illinois. 

Moore, Pror. Georce T., Missouri Botanical Garden, St. Louis, Mis- 
souri. 

Moore, Pror. J. Percy, University of Pennsylvania, Philadelphia, 
Pennsylvania. 

Morcu is, Dr. Sercius, University of Nebraska, Omaha, Nebraska. 

Morritt, Pror. C. V., Cornell University Medical College, 1300 York 
Avenue, New York City. 

NEAL, Pror. H. V., Tufts College, Tufts College, Massachusetts. 

NELSEN, Dr. OLIN E., Department of Zodlogy, University of Pennsyl- 
vania, Philadelphia, Pennsylvania. 

Newman, Pror. H. H., The University of Chicago, Chicago, Illinois. 

Nicuots, Dr. M. Louise, Rosemont, Pennsylvania. 

Nose, Dr. GLApwyN K., American Museum of Natural History, New 
York City. 

Nonipez, Dr. José F., Cornell University Medical College, 1300 York 
Avenue, New York City. 

OKKELBERG, Dr. Peter, Department of Zodlogy, University of Michi- 
gan, Ann Arbor, Michigan. 

Ossurn, Pror. R. C., Ohio State University, Columbus, Ohio. 

OsterHOUT, Mrs. W. J. V., Rockefeller Institute, 66th Street and York 
Avenue, New York City. 

OsterHOuT, Pror. W. J. V., Rockefeller Institute, 66th Street and 
York Avenue, New York City. 

PacKARD, Dr. CHARLES, Columbia University, Institute of Cancer Re- 
search, 1145 Amsterdam Avenue, New York City. 

Pace, Dr. IrvINE H., Lilly Laboratory Clinical Research, Indianapolis 
City Hospital, Indianapolis, Indiana. 

PAPPENHEIMER, Dr. A. M., Columbia University, New York City. 

Parker, Pror. G. H., Harvard University, Cambridge, Massachusetts. 
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PARMENTER, Dr. C. L., Department of Zodlogy, University of Penn- 
sylvania, Philadelphia, Pennsylvania. 

Parpart, Dr. ArtHurR K., Princeton University, Princeton, New Jer- 
sey. 

PatTeN, Dr. Braptey M., University of Michigan Medical School, 
Ann Arbor, Michigan. 

Payne, Pror. F., University of Indiana, Bloomington, Indiana. 

PEARL, Pror. RayMonp, Institute for Biological Research, 1901 East 
Madison Street, Baltimore, Maryland. 

PEEBLES, Pror. FLoRENcE, Chapman College, Los Angeles, California. 

Pinney, Dr. Mary E., Milwaukee-Downer College, Milwaukee, Wis- 
consin. 

PLouGuH, Pror. Harotp H., Amherst College, Amherst, Massachusetts. 

Po.LuistER, Dr. A. W., Columbia University, New York City. 

Ponp, Dr. Samuet E., Marine Biological Laboratory, Woods Hole, 


Massachusetts. 

Pratt, Dr. FrepertcK H., Boston University, School of Medicine, 
Boston, Massachusetts. 

Prosser, Dr. C. Lapp, Clark University, Worcester, Massachusetts. 

RaFFEL, Dr. DANIEL, Institute of Genetics, Academy of Sciences, Mos- 
cow, U.S. S. R. 

Ranp, Dr. Hersert W., Harvard University, Cambridge, Massachu- 


setts. 

REDFIELD, Dr. ALFRED C., Harvard University, Cambridge, Massachu- 
setts. 

ReesE, Pror. ALBERT M., West Virginia University, Morgantown, 
West Virginia. 

DERENY!I, Dr. Georce S., Department of Anatomy, University of 
Pennsylvania, Philadelphia, Pennsylvania. 

RezNikorF, Dr. Paut, Cornell University Medical College, 1300 York 
Avenue, New York City. 

Rice, Pror. Epwarp L., Ohio Wesleyan University, Delaware, Ohio. 

RicHarps, Pror. A., University of Oklahoma, Norman, Oklahoma. 

RicHarps, Dr. O. W., Research Department, Spencer Lens Company, 
19 Doat Street, Buffalo, New York. 

Riccs, LAwrason, Jr., 120 Broadway, New York City. 

Rocers, Pror. Cares G., Oberlin College, Oberlin, Ohio. 

Romer, Dr. Atrrep S., Harvard University, Cambridge, Massachusetts. 

Root, Dr. R. W., Department of Biology, College of the City of New 
York, Convent Avenue and 139th Street, New York City. 

Root, Dr. W. S., College of Physicians and Surgeons, Department of 
Physiology, 630 West 168th Street, New York City. 
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Rucu, Dr. Roperts, Department of Zodlogy, Hunter College, New 
York City. 

Sastow, Dr. Georce, Harvard School of Public Health, 55 Shattuck 
Street, Boston, Massachusetts. 

Saytes, Dr. Leonarp P., Department of Biology, College of the City 
of New York, 139th Street and Convent Avenue, New York City. 

ScHECHTER, Dr. Victor, College of the City of New York, 139th Street 
and Convent Avenue, New York City. 

Scumipt, Dr. L. H., Christ Hospital, Cincinnati, Ohio. 

Scuotteé, Dr. Oscar E., Department of Biology, Amherst College, Am- 
herst, Massachusetts. 

ScHRADER, Dr. Franz, Department of Zodlogy, Columbia University, 
New York City. 

Scraper, Dr. Satty HuGues, Department of Zodlogy, Columbia Uni- 
versity, New York City. 

ScHRAMM, Pror. J. R., University of Pennsylvania, Philadelphia, Penn- 
sylvania. 

Scott, Dr. ALLAN C., Union College, Schenectady, New York. 

Scott, Dr. Ernest L., Columbia University, New York City. 

Scott, Pror. Witiiam B., 7 Cleveland Lane, Princeton, New Jersey. 

SEMPLE, Mrs. R. Bowtinec, 140 Columbia Heights, Brooklyn, New 
York. 

SEVERINGHAUS, Dr. Aura E., Department of Anatomy, College of Phy- 
sicians and Surgeons, 630 W. 168th Street, New York City. 

SHAPIRO, Dr. HERBERT, Princeton University, Princeton, New Jersey. 

SHULL, Pror. A. FRANKLIN, University of Michigan, Ann Arbor, 
Michigan. 

SHumwaAY, Dr. Wacpo, University of Illinois, Urbana, Illinois. 

SICHEL, Dr. FerpINAND J. M., University of Vermont, Burlington, 
Vermont. 

Srvickis, Dr. P. B., Pasto deze 130, Kaunas, Lithuania. 

SMITH, Dr. Dietrich Conrap, Department of Physiology, University 
of Maryland, School of Medicine, Lombard and Greene Streets, 
Baltimore, Maryland. 

Snow, Dr. Laetitia M., Wellesley College, Wellesley, Massachusetts. 
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THE REPRODUCTIVE CYCLE OF BRACHYRAPHIS 
EPISCOPI, AN OVOVIVIPAROUS PCECILIID FISH, 
IN THE NATURAL TROPICAL HABITAT 


C. L. TURNER 


(From the Department of Zoélogy, Northwestern University) 


INTRODUCTION 

Reproduction in peeciliid fishes occurs in short recurring cycles. 
Field studies on the reproduction of these fishes, principally Gambusia 
affinis and Heterandria formosa, in the temperate and subtropical zones, 
have demonstrated that reproduction reaches its peak in spring and 
early summer, declines during late summer and fall, ceases altogether 
during the winter and begins again in early spring. Laboratory studies 
have shown that reproduction is continued longer in the fall and begins 
earlier in the spring when the gravid females are kept under constant 
conditions as regards temperature and food. The decline in the repro- 
ductive period would be associated with other factors, either genetic 
or some uncontrolled environmental factor. In a laboratory study of 
various peeciliids, principally Xiphophorus helleri, Lebistes reticulatus, 
Pecilistes pleurospilus and Heterandria formosa, the writer (Turner, 
1937) came to the conclusion that the seasonal variation of light was 
a factor in controlling the reproductive cycle, probably through the 
action of the pituitary. Hoover and Hubbard (1937) have produced 
experimental evidence that exposing maturing brook trout to periods 
of light in excess of those of seasonal daylight will induce early matur- 
ing and spawning. 

In order to test the possibility of light as one of the controlling 
factors in the reproductive cycles in peeciliids, one might artificially 
control the light exposure so that it would be uniform throughout the 
year and equal daily to that under which the fish would reproduce 
freely. Or, a study might be made of the reproduction of a pecciliid 
fish under natural tropical conditions in which the daily light exposure 
is fairly uniform and in a selected habitat in which food and tempera- 
ture change but little during the annual period. 

This paper is written to record the results of a study of reproduction 
in Brachyrhaphis episcopi, a peeciliid fish which is common in a small 

1 This investigation was supported by a grant-in-aid from the Graduate School of 
Northwestern University. The writer is greatly indebted to Mr. James Zetek, 
curator of the Barro Colorado Island Laboratory, for his coéperation and help. 
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stream near the laboratory at Barro Colorado Island in the Panama 
Canal Zone about nine degrees north of the equator. The fish was 
chosen because it is a typical poeciliid, was easily accessible, and 
occurred in sufficient numbers during all seasons of the year to make 
a critical study feasible. Collections were made during late June and 
early July in the summer of 1936 with a wide silk bolting cloth dip 
net in such a way as to secure a fair sample of all sizes of Brachyrhaphis 
in the stream. An employee of the laboratory was instructed in the 
manner of collecting and through the kindness of Mr. James Zetek, 
the collections were shipped to the writer. The specimens were fixed 


in formalin and transferred to 70 per cent alcohol. Collections repre- 
senting all sizes obtainable were obtained for each month except May. 

In all, 1,139 immature and female fishes were collected and meas- 
ured and 442 were dissected for the purpose of counting and staging 
the embryos and measuring the developing ovocytes. A total of 288 


mature or partially mature males were examined. 

Allee (1926) made a careful study of the variations in temperature, 
rainfall and other environmental features at this locality and reported 
that the seasonal variation in temperature on the jungle floor through 
which this stream flows is slight. During the rainy season there is 
an abundance of water in the stream but during the dry season the 
stream is reduced to a series of connected pools. At no time is the 
water in the pools more than two feet deep. Floating debris, insect 
adults and larve and other small animals upon which the fish feeds 
are abundant. The daily duration of daylight varies from eleven 
hours and thirty-six minutes in late December to twelve hours and 
forty minutes in late June. This natural habitat in general has little 
variation in food supply, temperature and light. 


LENGTHS OF FISHES IN MONTHLY COLLECTIONS 


Some information may be obtained by taking the lengths of all the 
fishes obtained in each month and comparing them throughout the 
year. Such a record is shown in Fig. 1. If a seasonal breeding cycle 
exists it might be expected that the minimal size would occur at the 
beginning of the breeding season and that the minimal size would 
increase as growth takes place. If the results are plotted graphically 
it might be expected also that a mode for the entire population would 
gradually move to the right as all fishes continued to grow. 

It will be noted that the point for the minimal length, represent- 
ing newly born fishes, does not move to the right. Specimens between 
8 and 17 mm. in length are present in each month. It is believed that 
the minimal size represented in June is more characteristic than that 
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Text Fic. 1. Graph showing relative numbers of fishes of each length for 
each month. Numbers in each month are shown vertically, lengths of specimens 
in millimeters horizontally. 
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obtained for other months. The writer made the June collection and 
took great pains to secure the smallest fishes in the stream. The other 
collections were made by the caretaker at the laboratory and it is likely 
that the smallest specimens were overlooked, especially since they have a 
tendency to hide in the vegetation at the stream margin. The evidence 
indicates that young are being produced in each month of the year. 

If a graph is plotted based upon the entire annual collection instead 
of the monthly collections, the mode for the entire population will 
appear in lengths between 20 and 30 mm. When the monthly curves 
are smoothed it will appear that the largest number occurs in each 
month at the same length. Since the mode shows no tendency to 
move to the right during any season it is assumed that it is maintained 
in its position by a continual new supply of young. 

As far as this evidence goes it indicates that there is no season 
relation in the production of young and that the fall decline and winter 
cessation in reproduction found in the peeciliids kept in laboratories 
at a latitude of about forty degrees are lacking. 


Broop SIZE IN DIFFERENT MONTHS AND SEASONAL OCCURRENCE OF 
GRAVID FEMALES 

If reproduction is seasonal it would be expected that during some 
months gravid females would be lacking altogether or that a smaller 
proportion of females would be carrying broods. Except in the small- 
est of the mature females no such relation was found. Gravid females 
occurred in each month and in about the same proportion. An occa- 
sional female from 24 to 26 mm. in length is found to be carrying 
young but the data are too scanty for any conclusion concerning a 
seasonal relation to time of maturity. 

In some peeciliids studied in the laboratory (Turner, 1937) not 
only does the interval between broods become shorter as reproduction 
approaches its height but there is an increase in the number of embryos 
in succeeding broods. With this in mind, all the gravid females of 
Brachyrhaphis obtained in each month were dissected to determine 
whether the number of embryos in each brood varied seasonally. 
Monthly averages of brood size for each length of gravid female are 
indicated in Table I. The data show that: (1) There is considerable 
variation in brood size for each length of gravid female. (2) There 
is no seasonal trend for size of broods in gravid females of any length. 

The conclusion from this evidence indicates again that reproduc- 
tion is continual throughout the year and that no seasonal increase or 
decrease in reproductive activity exists. 

Incidental information is obtained concerning the fecundity of 
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females of different lengths and of the relative contribution to the 
population of females of different lengths by considering brood size for 
each length and the relative abundance in the population as a whole 
of females of different lengths (Table III). It will be noted that brood 
size is very small in 25 to 30-mm. females and that it rises to a maxi- 


TABLE I 


Table indicating brood size in gravid females of different lengths for each month 








Length of | | | | | | Yearly 
— Jan. | Feb. | Mar.| Apr. | May | June | July | Aug. | Sept Oct. | Nov Dec. ee 
in mm. | | | | | | | length 

' | 1 
nn | | | | | 
25 : ey . FF FF is 3 
26 | 2.5) | 3 | 2.9 
27 4/2] 3 4 | 3.25 
28 6| | 1 | | £ FT bel ara 
29 «=| 9] 1] 1.5) 1 | ; . wae 7 4.6} 3.18 
os ie! |stiem | | | tel [slates 
31 6] | |3 6 }4]}/3]3] 4] 55] 43 
32 7 4 | | 4 | 5 | 2 
33 10 | 7 | | 5 aa 3 | 5 | 65 | 6.9 
34 Pele 11 | 10 | 6.5] 8.3 
35 | 8.6] S | ‘eis 5.5| | 8.4 
36 117.5) 9 | 5.5 |} 9} 9] 5] 3 | 114 | 9 
- et £3 5.5| 9.5} 6 7 | | 65 
38 8 | 8.6 19.5} 18.5} 85} 3 | 8 | 10.6 
39 111.5} 12 | 12.6) 9.7} 5.5] 10.5 | 10.3 
40 's/s8/9] | [10] 6 | 12.5) | =| 8.9 
41 8 | 14a | | 11.5} 9.5] 12 | | 4 | | 9.6 
42 | 13.5] 18 | }28 | 9 | 5 | 19 15.4 
43 | 25.5}14 | 18 | 11 | 10 | 30 | 19.1 
44 | 30 | 14 | 113 }15 | 8 | 18.5} 22 | | 17.2 
45 | 28 | 41 118 | 15 | 113 |}23 | 9 | 21 
16 123 | | 35 | 20 | | 20 | 23.6 
47 146 | 30 | 17 | }21 | 29 | 24 | 27.8 
48 fs = ; | 113 | | |40 | 26.5 
Average for | 
| | | } | | | | 
all lengths | 
per month | 11.3} 14.3} 9.6] 7.2] | 12.7] 12.2} 10.3] 9.2] 9.9] 10.4} 8.9] 


mum in the largest females. The total production of young by the 
largest females is not greater, however, than that of females somewhat 
smaller because of their relatively smaller numbers in the population 
as a whole. 


RELATION OF OvocyTE DEVELOPMENT TO EMBRYO STAGES 


In a study of the relation of ovocyte development in gravid ovaries 
to stages of embryos in the same ovaries (Turner, 1937), it was dis- 
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covered that different relationships exist in different groups of poeciliids. 
In Gambusia the ovocytes of a gravid ovary remain small until the 
brood of embryos in the ovary is evacuated. In Xiphophorus, Lebistes 
and some other species the ovocytes increase in size while the ovary 
is gravid and in Quintana atrizona the ovocytes have grown to full size 
and are ready for fertilization immediately after the evacuation of a 
brood. In Pecilistes pleurospilus, Peciliopsis infans and Heterandria 
formosa, the ovocytes have grown not only to maximal size but fer- 
tilization has taken place before the older brood of embryos is evacu- 
ated and two or more broods of embryos are found in the ovary at 
the same time. The condition described above occurs in laboratory- 
reared specimens at the height of the reproductive season. When 
reproduction is at a low ebb the ovocytes grow slowly and are rela- 


TABLE II 


Table showing stages of developing ovocytes for each stage of developing embryo in 
the same gravid ovary for each month 


| 
Stages of | Developing ovocytes: diameter in mm. 
embryos 
in gravid 


ovaries | Jan. | Feb. | Mar.| Apr. | May | June July | Aug. | Sept.| Oct. | Nov.} Dec. a 
Stage 0.....| .38| .28| .23 | .21| 26 | .28| .34| .29| .19] .28] 20| .27 
Stage No. 1 | #1 | 26:2 | 221 26 
Stage No. 2| .27 13 | .25 | 21 | .2 | 24] .15 | 25 | 26} .22 
Stage No. 3| .46] .25| .20| .25| 29 | 29] .22 | .23} .21| ae 24} .26 
Stage No. 4| .50| .56| .27 | .64| | .72 | 51] .35 | .55] .33/1.05] .64] .55 
Stage No. 5 /1.28 |1.05 | .86 |1.41 | 90 |1.3 | .98 |1.40 |1.03 |1.39 11.37 | 1.18 


| | 


| | | 
tively much smaller at the time of the birth of the embryos than they 
are when reproduction is at its height. 

This latter fact is used as a third method of searching the material 
for evidence of a seasonal variation in reproduction. If a seasonal 
high and low phase of reproduction exists the growing ovocytes should 
be smaller at the low phase and larger at the high phase provided that 
they were referred to some fixed stage in reproduction such as the 
birth of the embryos or to some definite stage of development in the 
embryos of a brood. Gravid females were dissected and the embryos 
in the ovary were staged (Table II). Stage 0 represents a condition 
in the ovary in which no embryos are present and the ova which are 
to form the next brood are full-sized but not yet fertilized. Stage 5 
represents a condition in which the embryos are ready for birth and 
stages 1, 2, 3 and 4 represent conditions in which the embryos are in 
intermediate stages. At any stage except 0 there is a group of de- 
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veloping ovocytes definitely advanced over younger stages and about 
equal in number to the embryos in the brood held in the same ovary. 
These developing ovocytes vary somewhat in diameter so that it was 
necessary to take an average diameter. 

The findings are shown in tabular form in Table II. A monthly 
average of the diameters of developing ovocytes is shown for each em- 
bryo stage in the broods held in the ovaries. A yearly average is also 


TABLE III 


Table indicating productivity of females of different lengths 


No. of gravid females; 
Length in mm. yearly average for 
each length 


Average no. of young 


7 te Relative productivity 
per gravid ovary 


5 } 1 4 
26 3.2 2.9 7.9 

27 2.4 3.25 7.8 

28 2.5 3.25 8.17 
29 3.2 3.18 10.17 
30 2.3 5.25 12.07 
31 2.6 4.3 11.18 
32 2.2 5 11 

33 2 6.9 13.8 

34 1.2 8.3 9.9 

35 2 8.4 16.8 

36 2 9 18 

37 1.2 6.5 7.8 

38 1.3 10.6 13.9 

39 1.5 10.3 15.5 

40 1.7 8.9 | 15.1 

41 1.5 9.6 14.4 

42 1 15.4 15.4 

43 1.2 19.1 23.0 

44 1 17.2 17.2 

45 6 21 12.6 

46 | 1 | 23.6 23.6 

47 .6 27.8 16.6 

48 5 26.5 13.2 


| 
| 
| 
| 
i 
| 


shown. In general it will be noted that the ovocytes do not increase 
in size during stages 0, 1, 2 and 3 but increase over four-fold during 
stages 4and 5. A comparison of the monthly averages with the yearly 
averages indicates that there is considerable variation, probably due 
to the small numbers of specimens examined, in the diameter of the 
ovocytes from month to month, but that no definite trend is shown to- 
ward a seasonal increase or decrease. 
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AGE OF MATURITY IN MALES 


In the males of poeciliid fishes maturity is marked externally by 
the development of a gonopod, formed by a metamorphosis of the 
anal fin. The testis develops and spermatogenesis begins at the same 
time or a little earlier. Once maturity has been attained the produc- 
tion of spermatozoa seems to be continual. Males will reproduce 
during any season in the laboratory and attempts to find seasonal 
waves either in spermatogenesis or in reproductive behavior have 
failed. Any study of the testis in Brachyrhaphis for evidence for a 
seasonal variation in maturation stages in adults would not be expected 
to yield results and no such study was attempted. 

A study was made of the size at which maturity is indicated by 
the development of the gonopod and of the relative numbers from 
month to month of the mature males and of males with partially 
metamorphosed anal fins. The results are summarized as follows: 
(1) Some males mature at an early stage and have fully metamor- 
phosed gonopods when they are 15 mm. in length. (2) Some males 
postpone maturity and specimens with partially metamorphosed 
gonopods may be found at any length up to 36 mm. Specimens with 
transforming gonopods are most abundant at lengths from 16 to 25 
mm. (3) Specimens of 15 mm. with gonopods fully developed and 
larger specimens with developing gonopods were found in each month 
in which material was obtained. 

These findings indicate that there is no seasonal variation in the 
production of maturity in males. 


DISCUSSION AND SUMMARY 

Three lines of approach are used in the study of females and im- 
mature specimens to determine whether there exists in Brachyrhaphtis 
episcopi, living in a natural tropical habitat, a seasonal variation in 
reproduction such as exists in poeciliid fishes living in natural habitats 
in sub-tropical and temperate zones and in laboratory-reared specimens 
maintained in the temperate zone. It is concluded that reproduction 
occurs in the short cycles characteristic of poeciliid fishes but that the 
cycles are continuous and are not seasonal for the following reasons: 
(1) Young are produced at about the same rate in each month of the 
year as indicated by measurements of lengths of all specimens taken 
in each month. (2) Gravid females are taken in each month, indi- 
cating that fertilization takes place the year round. (3) The relative 
proportion of gravid to non-gravid females in each month is approxi- 
mately equal. (4) The age, as indicated by length of specimens at 
which females become mature, shows no significant seasonal variation. 
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(5) The average number of embryos in a brood for each size of female 
shows little seasonal variation. (6) In the same gravid ovary the 
relative interval between embryos in definite stages and the stage of 
development of developing ovocytes does not vary seasonally. 

A study of the age of maturity of males and of the relative abun- 
dance of mature and partially mature males during the different 
seasons indicates also that no seasonal variation exists. 

In temperate and sub-tropical zones in natural habitats the recur- 


ring reproductive cycles in pecciliid fishes decline in late summer and 


fall and cease altogether in the winter. Here temperature is obviously 
one factor which is related to reproduction. It has been shown, how- 
ever (Barney and Anson, 19210), that a decline in reproduction begins 
while the temperature of the water is still favorable for further repro- 
duction. In peeciliids maintained in the laboratory with food and 
temperature controlled but with the exposure to light varying with 
the seasonal fluctuation in daylight, reproduction rises with the ap- 
proach of spring and wanes during late summer. It is assumed that 
light is also a factor in the control of reproduction and that the rather 
uniform seasonal duration of daylight at the latitude of the Panama 
Canal Zone (9° N.) is concerned in the maintenance of a continual 
reproduction in Brachyrhaphis. The minimal duration of daylight 
here at 9° N. is eleven hours and thirty-six minutes and is equivalent 
to the duration of light on March 7 at a latitude of 42° N (Chicago 
latitude). The maximal duration at 9° N. is twelve hours and thirty- 
nine minutes and is equivalent to that on April 1 at a latitude of 42° N. 
If duration of daylight is concerned as a factor partially controlling re- 
production, it must be concluded that for Brachyrhaphis at least the 
excess of daylight in late spring and early summer at 42° N. latitude 
would be unnecessary for the maintenance of reproduction and the ques- 
tion naturally arises as to the effect of this excess of daylight on the re- 
production of fishes which occur in natural habitats at 42° N. latitude. 
It will be interesting to determine whether pocciliids other than Brachy- 
rhaphis will reproduce continually when placed under experimental 
conditions with food and temperature controlled and with exposure 
to light varying within the limits of duration and intensity occurring 
at 9° N. latitude. 
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THE SEASONAL CYCLE IN THE GONADS OF FUNDULUS 


SAMUEL A. MATTHEWS 


From the Thompson Biological Laboratory, Williams College, and the Marine Biological 
Laboratory, Woods Hole, Mass.) 


From the voluminous work on mammals, birds, and amphibians 
and to a less extent on reptiles also, the factors concerned in the control 
of the sex cycle in these forms are becoming more clearly defined. 
Fishes, however, have received little attention in this respect. Experi- 
ments designed to investigate such factors as might be involved in 
controlling the annual sex cycle which Fundulus heteroclitus exhibits 
were begun some time ago. When an attempt was made to analyze 
the results of these experiments it was clear at once that before any 
orderly arrangement of data could be made it would be necessary to 
determine the condition of the gonads at intervals during the normal 
seasonal cycle. Accordingly normal individuals were collected at 
regular intervals over a period of fifteen months, for the most part from 
the Delaware River near Palmyra, New Jersey, though animals were 
obtained at Woods Hole during June, July and August. These 
animals were killed either immediately or within a week after collection, 
the animals and gonads were weighed, and the gonads, pituitary and 
thyroid glands were preserved for sectioning. The following is a 
report on the seasonal variation in the gonads of these animals. 

The male Fundulus is provided with a pair of testes, elongate organs 
lying one on either side of the mid-line, closely pressed against the 
ventral wall of the swim bladder to which they are attached by short 
mesorchia (Fig. 1). In general the two testes are separated for the 


greater part of their length by a mesentery which supports the digestive 
tract, but they may be joined to an extent which varies in different 
individuals. A short duct leaves the posterior end of each testis, joins 


the corresponding duct from the opposite side and runs to the genital 
pore which, in the male, is at the tip of a short, conical elevation at the 
base of the anal fin. 

Each testis has a thin fibrous capsule which is provided with a 
mesothelial covering. Beneath the capsule a central medulla and a 
peripheral cortex can be distinguished (Fig. 2). The medulla is made 
up of fibrous connective tissue in which are embedded many sperm 

! The early work on this material was carried out at the Department of Anatomy, 


University of Pennsylvania. 
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ducts, blood vessels and clusters of peculiar cells which will be described 
below. The cortex is divided into somewhat indistinct lobules by 
small amounts of connective tissue, each lobule containing several cysts 
which are closely packed with spermatogenic cells. In these sections, 
which were not prepared for special cytological details, only four types 
of spermatogenic cells could be distinguished. The largest of these, 
cells with large nuclei and one or two prominent nucleoli, are similar to 
the primary spermatogonia described by Turner (1919) in the perch 
and by Foley (1926) in Umbra. The next largest cell, about two- 
thirds the size of the primary spermatogonia, is one in which the 
nucleus occupies a much larger percentage of the cytoplasm. These 
are the most actively dividing cells of the testis. They must include 
secondary spermatogonia as well as both primary and secondary 
spermatocytes but these three cell types could not be distinguished 
with accuracy. The third kind of cell observed is somewhat smaller 
with a deep staining nucleus and is undoubtedly the spermatid. 
Finally spermatozoa with their rounded heads and elongate tails can be 
readily distinguished. In any one cyst all the cells are alike. 

The seasonal cycle observed in the testes of these animals is as 
follows. In late May, June, and July the medulla is swollen with ducts 
filled with sperm (Fig. 3). Nearly all the cysts of the cortex are also 
filled with sperm but around the periphery there is a narrow zone 
composed mainly of primary spermatogonia. These cells are dividing 
rapidly, producing small cysts of secondary spermatogonia. Thus 
before the matured sperm of one generation of sex cells is completely 


expelled the beginnings of the next generation are apparent. Ordi- 


narily the sperm are shed during June and July. In some cases, 
however, the sperm are not expelled until the last of August. Complete 
expulsion of the sperm is rare. Small clusters of sperm which are 
apparently left from the previous period of sexual activity can be 
found in nearly every testis examined regardless of the time of year. 
After the spawning season there is a striking reduction in the amount of 
cortical tissue relative to the total diameter of the testis, even though 
the preliminary stages in the production of the next generation of 
sperm have already produced small cysts (Fig. 4). Cells within these 
cysts continue to divide slowly, the cysts gradually enlarge, and the 
cortex of the entire testis increases in thickness. In September a few 
spermatids appear. Throughout the period from October to the 
latter part of February there is a gradual increase in the number of 
spermatogonia, spermatocytes, and spermatids, and the cysts become 
larger. Sometime in March the cells within the cysts begin to divide 
more rapidly, as evidenced by the number of mitotic figures and the 
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rapid increase in size of the cysts during this period, and spermatids 
become increasingly more numerous in proportion to other cells. In 
late April and in May spermatozoa appear in increasingly large 
numbers. 

During this process the testis changes markedly in color and size. 
The active testis found during May, June and the early part of July is 
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PLATE I 


Fic. 1. Male Fundulus, digestive organs removed. x 1.5. SB, artificial 
opening in ventral wall of swim-bladder to show its relation to the testis; 7, testis. 

Fic. 2. Cross-section of testis of animal killed 12/4/35. > 80. C, cortex; CY, 
cysts of spermatogenic cells; M, medulla. 

Fic. 3. Cross-section of ‘‘ripe” testis of animal killed 7/30/35. X 80. C, 
cortex; D, sperm duct filled with sperm; M, medulla. 

Fic. 4. Cross-section of exhausted testis of animal killed 
C, cortex; M, medulla. 
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milky white and definitely enlarged. The exhausted testis in late 
July and August is colorless for the most part, more or less transparent 
and much reduced in size. Figure 5 indicates the seasonal changes in 
weight of the testis relative to the total body weight. This chart is 
based on data from 58 animals collected over a period of fifteen months, 
from December 1935 to March 1937 inclusive, the average weights for 
the calendar months being taken. While the number of animals on 
which this chart is based is insufficient for accurate statistical analysis 
it is apparent that the testis forms the greatest percentage of the total 
body weight during the period from late in March to the latter part of 
June. When the averages for the months of January, February and 
March, 1937, are separated from those of the same months of the 
preceding year and the curve is drawn for a period of fifteen months the 
differences between such a curve and the one shown are slight and are 
probably due to the small number of animals which could be collected 
during this period of the two years. Such a curve also shows a rise in 
weight of the testis during March of both years. Sections of the testes 
of these animals show that the greatest weight of the testis corresponds 
to that period in the seasonal cycle from the beginning of rapid division 
of spermatogenic cells and the consequent enlargement of the cysts that 
occurs in March up to the time when the majority of the sperm is 
expelled, usually in June or July. This curve for the proportion of the 
body weight formed by the testis in Fundulus at different periods 
throughout the year is somewhat different from a similar curve for the 
perch (Turner, 1919). Although in this latter form the spawning 
season is only a month or so earlier than that in Fundulus, the sudden 
increase in weight of the perch testis appears at the end of the summer, 
notably earlier than it occurs in Fundulus. 

In the medulla of the testis clusters of peculiar cells which might be 
considered interstitial cells were found. Much has been written 
concerning the nature, origin, and function of interstitial tissue in 
teleosts. They are apparently absent in many teleosts (Kolmer and 
Scheminzky, 1922), present in others (Stieve, 1933). Courrier (1921) 
believes they arise from leucocytes that migrate into the testis, and 
that they are responsible for the development of such secondary sex 
characters as the color patterns in males. Van Oordt (1925), on the 
other hand, thinks it is improbable that there is in the fish testis a 
group of cells which are a specific source for sex hormones. In 
Fundulus, after the sperm are shed late in July, there are present in the 
medulla of the testis numerous clusters of cells with shrunken, pycnotic 
nuclei. The cytoplasm of these cells stains pale yellow and frequently 


has a large vacuole (Fig. 6). These cell clusters are most conspicuous 
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just after the sperm are shed but they persist for long periods and can 
be found in all the testes examined except in those fixed either immedi- 
ately before or during the spawning season, when the connective tissue 
in the medullary region is reduced to narrow strands by the large 
number of spermatogenic cells present. The origin of these cells is 
doubtful. In many cases during late April, May and June, when the 
testis is well filled with spermatogenic cells and the ducts are enlarged 
and filled with sperm, between these ducts cells can be found with a 
larger amount of cytoplasm than is present in other cells of the con- 
nective tissue. Some of these are pale yellow, others light pink in the 
sections, and some have vacuoles which may be empty or may contain 
a pink-staining homogeneous substance. Their position and appear- 
ance suggest that it is these cells which develop into the shrunken, 
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Fic. 5. Seasonal variation in gonad weight, expressed as percentage of body 
weight. Dotted line: testis; solid line: ovary. 


vacuolated, pale yellow cells found in testes fixed after the sperm have 
been shed. They are the only cells found which might be called 
interstitial cells. There is no evidence, however, that they are 
secretory. Certainly the shrunken cells found after the sperm are shed 
resemble atrophic rather than active cells. 

The ovary of Fundulus is unpaired but is bi-lobed at its anterior end 
and has a mid-ventral groove that separates it superficially into right 
and left portions. It occupies the same position in relation to other 
organs of the body cavity as does the testis in the male. It is covered 
externally with a layer of peritoneum beneath which is a thin tunica 
albuginea of connective tissue in which may be found smooth muscle 





SEASONAL CYCLE IN GONADS OF FUNDULUS 


PLATE II 


Fic. 6. Interstitial cells of testis. 340. 

Fic. 7. Cross-section of ovary of animal killed 9/22/36. 47. O, odcyte 
showing vesicular yolk; L, ovigerous lamella. 

Fic. 8. Odcyte from animal killed 3/16/37. X 80. F, follicle; N, nucleus 
with several peripheral nucleoli; Y, vesicular yolk. 

Fic. 9. Ovary of animal killed 6/11/36. 47. AF, atretic follicle with 
secondary yolk present; CM, chorionic membrane of nearly ripe follicle; CL, ‘‘corpus 
luteum”; JY, secondary yolk. 





SAMUEL A. MATTHEWS 


fibers (Fig. 7). These smooth muscle fibers are most conspicuous in 
ovaries containing ripe or nearly ripe eggs or in those from which the 


eggs have been recently shed. Within the tunica albuginea are many 


SS 
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ovigerous lamella which project into the lumen of the ovary. These 
folds are covered with an epithelial lining continuous with that of the 
oviduct, a single short structure leading from the lumen of the ovary to 
the genital opening posterior to the anus. The condition in the female 
differs from that in the male in that the external genital opening is 
found at the tip of a fold ef skin which carries the opening a short 
distance posteriorly along the anterior ventral border of the anal fin. 
Sections of the ovary made after the spawning period show that all 
mature odcytes have either been shed or have become atretic. In 
these ovaries there can be found, just beneath the epithelium covering 
the ovigerous lamella, numbers of small cells with large, vesicular 
nuclei, each with a prominent nucleolus. Practically no cytoplasm is 
visible. While these cells may be found at any period of the year, the 
large number of mitotic figures found in them after the spawning 
season indicates that this is a period of active proliferation. In 
subsequent development both nucleus and cytoplasm enlarge, the 
latter the more rapidly, and the number of nucleoli increases from one 
to several. The cytoplasm is deeply basophilic. In later stages yolk 
vesicles appear (Fig. 7), few at first but increasing in number until the 
oécytes are completely filled with these save for a peripheral ring of 
granular cytoplasm. By the time this condition has been reached the 
nucleus presents numerous nucleoli which are arranged in a ring just 
beneath the nuclear membrane (Fig. 8). The wall of the follicle, which 
at first consisted of only a few flattened cells, is now composed of a 
large number of cuboidal cells beneath which the chorionic membrane 
makes its appearance. In subsequent development there appears 
within the primary yolk vesicles what Guthrie (Marza, Marza, and 
Guthrie, 1937) calls intravesicular yolk (Fig. 9). While the contents 
of the primary vesicle are dissolved out in preparing the sections, this 
secondary yolk appears in sections as a homogeneous mass which stains 
faintly reddish with eosin. This intravesicular yolk increases in 
amount and at the same time yolk of the same sort appears between the 
vesicles and also increases in amount. The fully ripened odécyte is 
completely filled with yolk except for the nucleus, located at one pole, 
and a few peripheral vacuoles. The chorionic membrane becomes 
thick and brittle. After the egg is discharged from the follicle the 
follicular epithelium undergoes marked hypertrophy, the cells de- 
veloping large amounts of some substance which is dissolved out during 
preparation of the sections, leaving large vacuoles in the cells which 
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thus resemble fat (Fig. 9). Mitotic figures have not been found in 
these follicular cells during the formation of this structure. This 


‘corpus luteum,”’ which is actually yellow in color in the fresh condition 


and can be seen on the surface of the ovary as a yellow spot, gradually 
shrinks and disappears, though traces of it may be found as late as 
December or January. 

During this process of maturation of the odcytes some of the 
follicles undergo atresia. This is particularly noticeable when the 
spawning season approaches and the ovary is greatly distended by the 
growth of many follicles. The epithelium of the atretic follicle, 
provided atresia occurs late in development, may undergo changes 
similar to those described for the epithelium of the ruptured follicle, 
though not as marked in degree. The smaller size of the atretic 
follicles as well as the remains of the odécytes within them serve to 
distinguish them from the corpora lutea developed in follicles from 
which eggs were shed (Fig. 9). 

Certain seasonal changes in the ovary may be noted. At the end of 
the spawning season, late in July, all ripe eggs have been expelled and 
there is found in the ovary corpora lutea and atretic follicles as well as 
all stages in the development of odcytes from the initial stage up to and 
including the late development of vesicular yolk. As has already been 
mentioned, the smallest recognizable stage of the developing odcyte 
can be found just within the epithelium lining the ovigerous lamellz at 
any time throughout the year, so it is conceivable that these begin 
maturation at different times during the year. Hence it is not clear 
whether these larger o6cytes found at the end of the spawning period 
belong to the same generation of cells as those which matured com- 
pletely and were shed, or whether they are maturing oécytes which 
began development somewhat later. 

Changes in gross appearance and in weight of the ovary are more 
striking than similar changes in the testis. The ‘‘ripe’’ ovary is 
recognizable at a glance by the presence of numerous ripe eggs which 
appear as large, pale, semi-transparent spheres that cause the wall of 
the ovary to bulge at numerous points. The exhausted ovary, on the 
other hand, is very much reduced in size and the largest o6cytes which 
it contains are much smaller than ripe eggs and are yellowish and 
opaque. The weight changes are indicated in Fig. 5, comprising the 
data from 98 females. Sections of these ovaries show clearly the 
relation between the weight curve and the structure of the ovary. 
Just after the spawning period the ovary comprises the smallest 
percentage of the total body weight. From this point on there is a 
gradual increase from month to month in the weight of the ovary, 
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paralleled by an increase in size of the follicles and their contained 
oécytes and in the number of yolk vesicles. The chorionic membrane 
appears as early as October in a few oécytes, the number of chorionic 
membranes and the amount of yolk increasing during subsequent 
months. Droplets of intra-vesicular yolk may appear as early as 
March or even February, but rapid development of this secondary yolk 
takes place late in April, increasing rapidly in amount from then up to 
the time of spawning. The maximum percentage of the body weight 
formed by the ovary is found in June at the beginning of the spawning 
period. From this high point the weight of the ovary falls off rapidly 
as the eggs are shed to reach its lowest value in July at the end of 
spawning, then gradually increasing again to its maximum weight at 
the beginning of the next spawning period. 

From this examination of the gonads of Fundulus collected at 
various times throughout the year it can be seen that the weight and 
the gross and microscopic appearance of both testis and ovary vary at 
different periods of the year. The differences are great enough to 
afford a definite index to the activity of the gonads. By comparing the 


weight and microscopic appearance of the gonads of experimental 


animals with this normal series the degree of sexual activity of such 
experimental animals and their position with reference to the normal 
sex cycle may be determined. 
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(From the Department of Animal and Plant Pathology, the Rockefeller Institute for 
Medical Research, Princeton, N. J., and the Department of Biological 
Chemistry, Harvard Medical School, Boston, Mass.) 


Previous work (1-4) has shown that the larve of the yellow fever 
mosquito (Aides xgypltt) require certain accessory growth factors which 
they normally obtain from living microérganisms. A proper quantity 
of living yeast suspension in distilled water supports good growth of 
the larvz, but the same quantity of heat-killed yeast suspension under 
sterile conditions supports only a very slight growth. If, however, 
it is supplemented with an adequate amount of autoclaved liver 
extract, growth proceeds at a maximum rate. Liver extract without 
yeast gives no growth. Very large amounts of heat-killed yeast 
suspension (30 to 40 times as much as is required in the presence of 
liver extract) support fair growth even in the absence of liver extract. 
Thus at least two substances or groups of substances are required by 
the larve. Only one of these (designated as growth factor A) is 
present in liver extract. Both are present in heat-killed yeast, but 
much more yeast is needed to furnish adequate amounts of the one 
present in liver extract than of the other (4). 

The sources and some of the properties of both growth factors 
have been described in previous publications (2, 4). This paper will 
show that riboflavin is one of the essential substances supplied by 
growth factor A and that thiamin (vitamin B;) is an essential substance 
supplied by both of the crude growth factor preparations. 


METHODS 


The Larval Growth Test 
All the tests were conducted in 18 X 160 mm. test tubes holding 
6 ml. of the medium to be tested. The various constituents of the 
medium were prepared as separate stock solutions adjusted to a pH 
of 5.8-6.0 and autoclaved % hour at 120°C. The required amounts 
1'Y.S. was aided by grants from the Milton Fund of Harvard University and the 
Proctor Fund of Harvard Medical School. 
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of each solution were then pipetted into each experimental tube and 
made up with sterile distilled water to a total volume of 6 ml. When 
the growth factor A activity was being measured, each tube received 
0.3 ml. of a washed, killed yeast suspension in distilled water (4). 

In some experiments concerned with the factor A activity, and in 
all the experiments concerned with the other factor and with thiamin, 
the killed yeast was replaced by yeast extract (yeast vitamin Harris) 
and casein. Since the yeast extract used contains factor A (4) it was 
necessary first to treat it for % hour with 10 grams of fuller’s earth 
to 100 ml. of 5 per cent solution of yeast vitamin Harris. The fuller’s 
earth was then removed by centrifugation. This procedure removes 
much of the factor A (4). Amounts of treated yeast extract which 
supply enough of the second factor when A is supplied in some other 
form, do not contain enough factor A to support good growth in the 
absence of added A. In experiments in which whole yeast was 
replaced by yeast extract and casein, it was also necessary to add 
Cat* (3), and this was provided as CaCl, at a concentration of 0.01 M. 

Each experimental tube was inoculated with 3 newly-hatched 
bacteria-free Aides xgypti larve secured by the methods previously 
described (4). Duplicate tubes were prepared for each medium in 
each experiment. The tubes were incubated at 28 + 1° C. and were 
observed daily for the first 10 days and every other day thereafter, 
the number of larve in each stage of development being noted. From 
the data thus obtained, the rate of development could be expressed as 
a number, NV X 1/7, in which JN is the percentage of larve reaching 
the 4th (last) larval instar within 10 days, and J is the average time 
in days required by these larvae to reach the 4th instar. The adequacy 
of this growth index in the measurement of growth factor A has 
already been shown (4). Under optimum conditions, at 28° C., 
N X 1/T = 100 X \% = 25. 

It cannot be too strongly emphasized that significant results with 
the growth factors here concerned can be obtained only if the larve 
are reared in the complete absence of living microérganisms. To this 
end, the ordinary bacteriological methods to insure sterility were used 
and the sterility of each tube was tested by inoculation of a loopful 
of material to dextrose digest agar. With doubtful or particularly 
important tubes, broth and cooked meat under vaseline were also 
inoculated. Contaminated tubes, which occurred but rarely, were 
discarded. 

Preparation of the Flavin-Purine Complex 


The 60 per cent alcohol precipitate obtained in the preparation of 
Cohn’s Fraction G (5) was extracted 3 times with 10 volumes of hot 
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75 per cent acetone. The filtrate was cooled and concentrated. 
When this was kept overnight in the cold room a heavy precipitate 
separated out. 

This granular yellow precipitate, 20 mg. of which are derived 
from 100 grams of liver, has a nitrogen content of 28 to 30 per cent. 
Dr. Max Tishler found that it contains 80 to 85 per cent xanthine 
by the perchlorate precipitation of Biltz. Mr. Edward Meilman, 
working with one of us, found it to contain adenosine and sometimes 
inosine, glutathione, and traces of nicotinic acid amide. The precipi- 


tate regularly contains 1.2 per cent flavin phosphoric acid. Its further 


composition is being investigated. 


Preparation of the ‘‘ Alcohol-Ether Filtrate’’ and the ‘‘ Calcium Filtrate’’ 


The charcoal elute described by Subbarow, Jacobson and Fiske (6) 
was precipitated with 10 volumes of 95 per cent alcohol and 10 volumes 
of ether. The mixture was left in the cold room for 48 hours and the 
precipitate filtered off. The filtrate, after removal of the alcohol and 
ether, was the alcohol-ether filtrate fraction. To prepare the calcium- 
filtrate fraction, the filtrate was concentrated to a small volume and the 
concentrate neutralized with Ca(OH): and precipitated with 5 volumes 
of alcohol. The calcium precipitate mostly contained glutathione 
and adenylic acid. The filtrate was concentrated to remove alcohol. 
So far, from the filtrate small amounts of ergothionine, tryptophane, 
tyrosine, nicotinic acid amide, guanosine and ethanol amine have been 
isolated. 

RESULTS 
The Resolution of Growth Factor A into Two Fractions 

Growth factor A was at first considered to be only one substance, 
but preliminary attempts at its purification soon indicated that the 
factor A activity was due to at least two substances. Treatment of 
a partly purified liver extract in 80 per cent alcohol with barium 
hydroxide gave a precipitate and a filtrate, each of which, after 
regeneration, had a very low activity. But combination of both 
fractions almost restored the original activity. 

In a previous paper (2) it was shown that treatment of liver extract 
by charcoal removes the factor A activity. At that time no successful 
elution of the active material from the charcoal had been accomplished. 
Meanwhile, Subbarow, Jacobson and Fiske (6) had obtained a partially 
purified anti-pernicious anemia material prepared by adsorption on 
charcoal and subsequent elution with alcohol. This elute gave fairly 
good growth of the Ades xgypti larve only if used at relatively high 
concentrations, on the basis of the weight of liver from which it was 
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derived. It was then found that if this elute were supplemented 
with the flavin-purine complex prepared from liver, high values for 
N X 1/T could be obtained with much lower concentrations of the 
elute, although the flavin-purine complex alone had no factor A 
activity whatever (Table I). In the presence of the high concentra- 
tions of elute needed to obtain N X 1/7 values of about 20 in the 
absence of flavin-purine complex, metamorphosis to the adult stage 
required a longer time and was accomplished by far fewer insects than 
in the presence of both elute and flavin-purine complex. A concen- 
tration of each of the two components, such that 100 ml. of medium 
contained that amount of each derived from 50 grams of liver, gave 
N X 1/T values of 20 or more, while half this concentration gave 
values of about 10. These results show ‘that the amount of elute 
plus flavin-purine complex derived from 50 grams of liver has a factor 
A activity equivalent to that amount of Lilly liver extract No. 343 
derived from about 12.5 grams of liver (a 0.5 per cent solution). 


TABLE I 


The effect of the flavin complex 


Concentration as grams of liver from which was 
derived amount of fraction present in 
100 ml. of culture medium 
Charcoal elute Flavin complex 
600 0 
400 0 
200 0 
100 0 
200 200 
100 100 
50 50 

27 

13.5 
6, 
0 


The growth factor present in the charcoal elute has been subjected 
to further purification, the activity going into the alcohol-ether filtrate 
and the calcium-filtrate fractions prepared as already described. In 
the presence of suitable concentrations of these more highly purified 
fractions, the same amounts of flavin-purine complex gave the same 


growth as in the presence of the charcoal elute itself. The nature of 


the substances responsible for the activity of the calcium-filtrate 
fraction is now being investigated. 
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Comparison of the Effects of Riboflavin and the Flavin-Purine Complex 


Repeated experiments have shown that, in the presence of the 
alcohol-ether filtrate or the calcium filtrate, pure crystalline riboflavin 
will support excellent growth of the larve (Table II). Very much 


TABLE II 


Comparison of the effects of flavin complex and riboflavin. Each of the tubes con- 
tained for lines 1-12, alcohol-ether filtrate, for lines 13-24, calcium filtrate, each at a 
concentration such that 100 ml. of solution contained the material derived from 53 
grams of liver. 


Concentration mg. per 100 ml. Percentage of Percentage of 
larve trans- larve trans- 
iorming to torming to 

Riboflavin adults normal adults 


Flavin complex 


0 0 0 0 
20.0 0 3. 100 100 
10.0 0 3. 67 67 
5.4 0 3 33 0 
( 1.0 ; 50 0 
0 0.5 0 
0 0.33 0 
0 0.17 0 
0 0.08 
0 0.04 
0 0.025 
0 0.008 


= 
ow 


/ 
22 
53 
22 
535 
22 
+3 

2 

3 


3 


0 0 
13.4 0 
10.0 0 
6.6 0 
a8 0 
0 0.25 
0 0.1 
0 0.1 
0 0.080 
0 0.040 
0 0.017 
0 0.008 


lower concentrations of riboflavin are required than of the flavin-purine 
complex. In the presence of alcohol-ether filtrate, as little as 0.025 mg. 
of riboflavin per 100 ml. gave growth almost as good as did 1 mg. of 
riboflavin, but somewhat less than that obtained with 10 mg. of 
flavin-purine complex; 0.008 mg. of riboflavin per 100 ml. gave growth 
as good as 5.4 mg. of flavin-purine complex. In the presence of the 
calcium filtrate, 0.04 mg. of riboflavin per 100 ml. gave a value for 
N X 1/T as high as that obtained with 6.6 mg. of flavin-purine 
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complex, while 0.017 mg. of riboflavin was about equivalent to 3.3 mg. 


of flavin complex. Since the flavin complex contains 1.2 per cent 
flavin-phosphate, it is readily apparent that the flavin as contained 
in the complex has about the same activity, so far as larval growth is 
concerned, as free riboflavin. But it was soon noted that many of 
the larvae growing in media containing riboflavin in place of flavin 
complex had difficulty in metamorphosing into the adult stage. This 
fact is well shown in Table II. In the presence of alcohol-ether 
filtrate, those concentrations of flavin complex which gave the highest 
N X 1/T values permitted 67 to 100 per cent of the larve to emerge 
as adults and all the adults which emerged were normal and vigorous. 
Adults were considered normal if they were able to emerge completely 
from the pupal sheath and to fly up from the surface of the liquid. 
Abnormal adults were those which either failed to emerge completely 
from the pupal sheath, or, having done so, were too weak to get free 
from the surface of the liquid. In Table II it may be seen that in 
media containing alcohol-ether filtrate and concentrations of riboflavin 
giving high N X 1/T values, very few adults emerged and most of 
these were abnormal. Larvae which failed to transform into adults 
usually died, either in the late larval stage or in the pupal stage. 
In the presence of calcium filtrate, the same differences are apparent 
between flavin complex and riboflavin. Here again, riboflavin in the 
most favorable case permitted only 50 per cent of the larva to trans- 
form into normal adults. With flavin complex, concentrations which 
gave the fastest larval growth also gave the highest percentage of 
normal adults, but with riboflavin the highest percentage of normal 
adults was in general obtained with concentrations which gave sub- 
maximal larval growth rates. 

Riboflavin is thus an essential substance for the growth of mosquito 
larve. Flavin-purine complex, however, contains some other sub- 
stance which is possibly of little or no importance for larval growth 
but is very important for metamorphosis. The nature of this material 
is unknown. Perhaps the difference between the effects of the flavin 
complex and the riboflavin may be accounted for by the fact that the 
flavin in the complex exists as flavin phosphate. 


The Need for Thiamin 
It has already been shown (2) that if larve of Ades xgyplti are 
grown with casein, CaCle, liver extract, and yeast extract previously 
treated with fuller’s earth, both the factors present in liver extract 
and those present in the yeast extract withstand 5 hours of autoclaving 
at 120° C., if each extract is tested in the presence of the other extract 
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autoclaved for only % hour. But if both the extracts are autoclaved 
for 5 hours, the amount of growth obtained is greatly reduced (Table 
[II). When such autoclaved liver and yeast extracts are supplemented 
with crystalline thiamin in low concentration, growth is restored 
almost to that obtained with extracts autoclaved for only % hour 
(Table III). This is true whether the casein be free from water-soluble 
vitamins only, or from both fat- and water-soluble vitamins, although 
with the latter type of casein, growth is never as good as with the 
former, possibly because of a deficiency in a fat-soluble growth factor. 
Table III also shows the interesting fact that a thiamin solution 
autoclaved for 5 hours is fully as effective as one sterilized by Berkefeld 
filtration. This can only mean that certain decomposition products 
of thiamin are as effective as the intact compound. These decompo- 


TABLE III 


The effect of thiamin. Each tube contained 0.01 M CaCl». 


| 
Treatment of liver ex- iINXUT 
| tract (0.5% Lilly 343) | Concentration} © “~ 
and yeast vitamin | ofadded | -_ 
Harris 0.33% thiamin | | 
after fuller’s mg./100 ml. | Exp.| Exp. 
earth adsorption | |} A |B 


Type of casein 


Harris. Free from water-soluble vitamins a Autoclaved 14 hour 0 
ro ; 3 = Autoclaved 5 hours 0 6.2] 7. 
a = = 0.80 | 20.7 | 16.7 
0.33 | 17.6 | 15.4 
0.17 15.4 | 16.7 
0.08 | | 18.2 
0.33 18.8 | 20.0 
autoclaved | 
| 5 hours 
Harris. Free from water- and fat-soluble vitamins. Autoclaved !4 hour 0 18.8 
pe s . “ = 7 Pe Autoclaved 5 hours | 0 0 
- =— 0.80 12.8 


sition products apparently are not formed when liver extract or yeast 
extract is autoclaved for 5 hours. Presumably, under these conditions, 
other less easily utilized products are formed. This accords with the 
fact that growth does go on even to the adult stage in the medium 


autoclaved for 5 hours and not supplemented with thiamin. The 


slower rate and greater difficulty with which it proceeds are perhaps 
the result of a slow synthesis of an essential substance which is readily 
synthesized from thiamin itself or certain of its decomposition products. 
The utilization of certain decomposition products of thiamin has been 
shown for Phycomyces by Schopfer and Jung (7), for excised tomato 
roots by Robbins and Kavanagh (8) and for Staphylococcus aureus 
by Knight (9). 
DIscUSSION 

Early in the study of the nutritional requirements of insects, it 

became apparent that yeast and other microérganisms were the 
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natural source of certain necessary foodstuffs (10-14). Several 
workers, as for example Bacot and Harden (15), working with Droso- 
phila, and Richardson (16) with Ephestia kuehniella, soon found that 
yeast extract would supply substances essential for the growth of 
insect larvae. Since yeast extract was at that time synonymous with 
vitamin B, these authors concluded that insects require vitamin B. 
Similar evidence for the vitamin B requirement of insects has been 
recently supplied by McCay (17) for the roach Blatella germanica, by 
Crowell and McCay (18) for larve of the clothes moth Tineola bis- 
seliella and by Frost, Herms and Hoskins (19) for larve of the mosquito 
Theobaldia incidens. Hobson (20), and Street and Palmer (21) were 
among the first to show that the yeast extract supplied several different 
essential substances, and it was Hobson who found that pure vitamin 
B, is one of these substances. Van’t Hoog (22) has gone still further 
and shown that both crystalline riboflavin and thiamin are substances 
essential for the growth of larvae of Drosophila melanogaster. Growth 
does not occur, however, unless still a third substance or group of 
substances, also present in yeast extract, is supplied. Thus the water- 
soluble accessory growth factors required by Drosophila melanogaster 
and Atdes xgypti are identical so far as they are known at present. 
Both insects require for larval development riboflavin, thiamin, and 
a third factor present in yeast extract, liver extract, rice-polishings 
concentrate, etc. It is interesting that these requirements form a 
perfect parallel to the vitamin B complex requirements of vertebrates 
(23-25). 

The nature of the third factor required by vertebrates and present 
in liver extract is now under investigation in several laboratories. 
The indications are that nicotinic acid amide or cozymase is one of 
the essential substances present in the third factor, but not the only 
one (26-29). Lepkovsky (30) has recently isolated one of these 
substances in crystalline form, but he gives no information as to its 
nature or method of preparation. So far as Ades xgypii larve are 
concerned, nicotinic acid or its amide cannot replace the ‘“‘calcium- 
filtrate’ fraction of liver extract. But evidence is now accumulating 
that nicotinic acid amide plus certain other substances can at least 
partially replace the impure liver fraction. 

It is worth noting that while rice-polishings concentrates have 
been generally considered to be free from riboflavin (as in the work of 
Cook, Clarke and Light (28)), they must actually contain appreciable 


amounts, since a 0.4 per cent solution of Ryzamin B has been found 


(4) to give growth about as good as a 0.3 per cent solution of Lilly 
liver extract No. 343. On the basis of this result, a 0.4 per cent 
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solution of Ryzamin B should contain around 0.02 mg. of riboflavin 
per 100 ml. It is not surprising that the clay adsorbate (the Inter- 
national Standard vitamin B,) prepared from rice-polishings concen- 
trate also can replace liver extract (4), since the flavin and other 
necessary factors would be adsorbed as readily as the thiamin. 


The authors thank Dr. Guy W. Clark of Lederle Laboratories for supplying liver 
extract for the chemical work. W. T. is grateful to Dr. R. W. Glaser for his helpful 
interest in the work. 


SUMMARY 


Riboflavin, and thiamin or certain of its degradation products, are 
necessary for the normal development of larvae of the yellow fever 
mosquito Atdes xgypti. In the presence of all the other necessary 
growth factors, riboflavin permits normal larval growth at concentra- 
tions as low as 0.0004 mg. per ml. and has a definite effect at a concen- 
tration of 0.00008 mg. per ml., while thiamin permits normal growth 
at concentrations at least as low as 0.0008 mg. per ml. Although 
larval growth is normal in the presence of suitable amounts of heat- 
killed yeast, riboflavin, and the other liver extract factors supplied in 
partially purified form, metamorphosis to the adult stage is suecessfully 
accomplished by a relatively small percentage of the insects. If, 
however, the flavin is supplied as a flavin-purine complex containing 
1.2 per cent flavin-phosphate, almost all the larva transform into 
vigorous adults. The nature of the additional factor responsible for 
this difference is not known. 
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COPULATION IN THE ACCELOUS TURBELLARIAN 
POLYCHCERUS CARMELENSIS! 


HELEN M. COSTELLO AND DONALD P. COSTELLO 


From the Hopkins Marine Station of Stanford University and the Zoélogy Department 
of the University of North Carolina) 


Attention has been directed recently to the primitive condition of 
the reproductive system of the Turbellaria Accela, as compared with 
most of the Platyhelminthes, and to the occurrence of copulation in 
the group (Hyman, 1937). The Accela are hermaphroditic. Most 
members of the group possess a copulatory mechanism including an 
extensible penis and a seminal receptacle, provided with one or more 
small tubes called ‘‘ Mundstiicke,”’ the function of which is assumed to 
be the transport of sperm from the receptacle or bursa toward the 
eggs. In view of the presence of a copulatory mechanism, von Graff 
(1905) assumed that true copulation is of widespread occurrence in 
the group. 

Gardiner (1898) had earlier concluded that in Polycherus caudatus 
sperm transfer is accomplished by a process of hypodermic impregna- 
tion, in which the “‘mouth pieces” function as hypodermic organs 
Bresslau (1933) and Hyman (1937) admit that hypodermic impregna- 
tion may be of common occurrence in the Accela. We have found no 
specific account of this process other than that of Gardiner (1898). 
Only two descriptions of true copulation in the Accela have come to 
our attention, that of Peebles (1915) for Monocherus lineatus and that 
of Hyman (1937) for Amphiscolops langerhansi. Only in the latter 
case was the observation of living animals supplemented by the study 
of sectioned pairs. The study of both living and sectioned specimens 
of Polycherus carmelensis, a form very closely similar to P. caudatus, 
has yielded no evidence of the occurrence of hypodermic impregnation. 
The evidence demonstrates conclusively that impregnation is regularly 
accomplished by means of true copulation, the details of the process 
differing considerably from that described by Hyman for Amphiscolops 
langerhanst. 

During the summer months of 1936 and 1937 Polycherus carmelensis 
were collected in great abundance from tide pools at Pescadero Point 
on Carmel Bay, California, and in smaller numbers from tide pools 
elsewhere in the vicinity. Examination of living and sectioned speci- 
mens soon revealed certain structural differences from the Atlantic 

1 The authors are indebted to the Society of Sigma Xi for aid in the publication 


of this work. 
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Coast Polycherus caudatus, as described in the papers of Mark (1892), 
Verrill (1893), Gardiner (1895, 1898), and Léhner (1910). On the 
basis of these differences the Pacific Coast form was designated as a 
distinct species (1938). 

A brief description of the reproductive system of P. carmelensis 
will be presented in order to facilitate an understanding of the copu- 
latory process. Previously, the reproductive system has been dis- 
cussed only with respect to certain points in which it differs from that 
of P. caudatus (1938). 

The reproductive structures of P. carmelensis, in ventral view, are 
illustrated diagrammatically in text fig. 1. The female system includes 
a pair of gonads which appear to originate anteriorly in a median 
‘“‘Eilager”’ (ez), a short distance posterior to the statocyst (st). Ex- 
tending posteriorly from the Eilager are two lateral ventral rows of 
odcytes (0) which, a short distance below the level of the mouth, 
become embedded in the vitellaria (vz), the latter terminating at the 
level of the female aperture (9). In the vitellaria the young odcytes 
are located ventrally, and move dorsally as they mature. The female 
gonads are typical of the Accela in their lack of specialized investing 
walls and of ducts to either the exterior or to the bursa seminalis. The 
external female aperture is roughly elliptical, about one-sixth the width 
of the body, enormously distensible. From this aperture there 
extends dorsally, to a distance of about two-thirds the thickness of the 
body in this region, a large dorso-ventrally flattened chamber, the 
vagina. The anterior wall of the vagina bears, at a position somewhat 
dorsal to its mid-point, a thick-walled pocket (vp) which is directed 
anteriorly, slanting slightly dorsally, and provided with a small lumen. 
The anterior end of the pocket is embedded in the dorsal part of the 
bursa seminalis (bs), its lumen opening directly into the bursa much in 
the manner in which Mark described the vagina of P. caudatus as 
communicating at its dorsal end with the naked bursa tissue. We 
find in the literature no mention of a structure in P. caudatus corre- 
sponding to the vaginal pocket of P. carmelensis. The muscular walls 
of the vagina and pocket are lined with a nucleated epithelium lacking 
cilia. These structures are shown, in sagittal section, in plate figures 
1 and 2. 





TEXT FIG. 1. Ventral view, showing arrangement of male and female reproduc- 
tive systems. Composite drawing, with projector, from two whole mounts stained 
with Delafield’s haematoxylin, the testis follicles largely diagrammatic. Magnifica- 
tion 35 X. bs, bursa seminalis; cf, caudal filament; cl, caudal lobe; e, eye; et, ‘‘ Eila- 
ger”; Q, external female aperture; o’, external male aperture; m, mouth; mp, mouth 
piece of bursa; 0, odcyte on way from Eilager to vitellarium; p, penis bulb; st, stato- 
cyst; ¢, testis follicles; vz, vitellarium containing young odcytes and mature eggs; 


vd, vas deferens; vp, vaginal pocket. 
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The bursa seminalis appears to resemble that of P. caudatus in all 
essential features. It is somewhat kidney-shaped, and is located 
medially between the two vitellaria, anterior to the female aperture 
and the vagina. It occupies the space between the vaginal pocket 
and the ventral body wall but extends anteriorly well beyond the 
pocket, the anterior dorsal portion surrounding the anterior tip of the 
pocket. The internal structure of the bursa is shown, in slightly 
oblique transverse section, in plate fig. 3. The entire ventral part of 
the bursa is composed of many small compartments, each containing 
a small tubular “‘ mouth piece”’ (mp), the long axis of which approxi- 
mately parallels the dorso-ventral axis of the body. The ventral 
small ends of these tubes open into the vacuolated marginal paren- 
chyma (va), a thin layer of which separates the bursa from the ventral 
integument. At the basal end of each mouth piece is usually attached 
a mass of sperm (s’’) occupying a small vacuole. The ventral com- 
partments of the bursa merge dorsally into a chamber (bs’) which 
frequently contains scattered sperm masses sometimes connected with 
the ventral masses. 

Regarding the histology of the bursa a few facts may be mentioned. 
The syncytial tissue of which the bursa is composed sometimes appears 
almost continuous (plate fig. 3) except for the presence of sperm masses, 
muscle fibers and a few small vacuoles. The highly vacuolated ap- 
pearance, especially of the dorsal part of the bursa, which seems to 
characterize many specimens (plate fig. 2), probably results largely 
from the disruptive influences of mating and egg-deposition, although 
the method of fixation is to some extent responsible, slowly penetrating 
fixatives permitting time for violent muscular contraction and con- 
sequent distortion of tissue. The bursa lacks a differentiated limiting 
wall. Ventrally, it impinges upon marginal parenchyma (in the ter- 
minology of Léhner); dorsally, it is bounded by the anterior pocket 
posteriorly and central parenchyma anteriorly (plate figs. 1 and 2); 
its anterior curved surface approximates the intestinal parenchyma 
(ip) from which it is separated by muscle fibers; laterally, it is enclosed 
by the vitellaria. The bursa:communicates with the exterior by way 


PLATE I 


Median sagittal sections of a non-copulant individual (Fig. 1) and a copulant 
individual (Fig. 2), for comparison of the genital regions. Drawn with aid of pro- 
jector. ed, ejaculatory duct; f, food organism; #p, intestinal parenchyma; s, newly- 
acquired sperm; v, vagina; v’, opening of lumen of vaginal pocket into vagina; other 
abbreviations as used in text fig. 1. 

Fic. 1. Fixed in Heath’s solution, stained with Heidenhain’s hematoxylin. 
Magnification 51 X. 

Fic. 2. Fixed in Champy’s fluid, stained with Heidenhain’s hematoxylin. 


Magnification 47 xX. 
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of the small lumen of the vaginal pocket, the vagina and the female 
aperture. 

The male reproductive system (text fig. 1) includes a pair of gonads 
of follicular arrangement (t), extending from approximately the level 
of the statocyst to a point somewhat posterior to the female aperture. 
They are lateral and dorsal to the female gonads. The vasa deferentia 
(vd) are a pair of channels in the parenchyma through which sperm 
pass from the follicles of each side to the ejaculatory duct (plate figs. 
1 and 2, ed) of the penis (p). The testes and vasa deferentia lack 
specialized investing walls; the ejaculatory duct is lined with a nu- 
cleated epithelium. The penis is located posterior to the vagina. It 
is compact, muscular; in the retracted state, an ovoid bulb, which 
occupies almost the entire thickness, and nearly one-fourth of the 
width, of the body in this region (plate fig. 1, p). Its dorsal end is 
inclined somewhat posteriorly. In the retracted state the ventral tip 
of the penis extends free into a small circular chamber which is covered 
by ventral integument bearing a very small, but greatly distensible, 
perforation, the male aperture (co). During activity the penis is pro- 
truded through the male pore, and assumes an elongated tapering 
conical form, arched so that the distal end is directed posteriorly 
(plate fig. 2, p). 

The copulatory mechanism of P. carmelensis consists, in brief, of 
the male organ and aperture, the female aperture, the vagina with 
anterior pocket, and the bursa or seminal receptacle. 


MATERIAL AND PROCEDURE 

Collections of Polycherus carmelensis were brought into the labor- 
atory on the Ulva (and a few other sea-weeds) upon which they are 
found in the tide pools. Large numbers of individuals of all ages 
were removed immediately from the Ulva and preserved for later study. 
Usually a few hundred worms were distributed among several finger- 
bowls. Most of the remainder of the Ulva, bearing thousands of 
worms and abundant food organisms (chiefly small crustacea), was 
placed into two running salt-water aquaria. Here the worms remained 
alive and active for long periods of time. 


During the summer of 1936 our attention was focused mostly on 


PLATE II, FiGurE 3 


Detailed portion of section of text fig. 3 (a—b), to show newly-acquired sperm 
mass (s) in the dorsal part of the bursa anterior to the vaginal pocket. Drawn with 
aid of projector. Magnification 180 x. 6s’, surface of dorsal chamber of bursa; 
0, young odcyte, and o’, nearly mature egg, in vitellarium; s’, sperm, apparently 
migrating from mass (s) toward ventral bursa mouth piece; s’’, sperm ball attached 
to mouth piece; va, vacuole of ventral marginal parenchyma; other abbreviations as 
previously used. 
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a study of the anatomy and development of P. carmelensis. All ob- 


servations of mating activities were made in 1937, in the period between 
June 24 and August 24. Observations were rendered somewhat 
difficult by the extremely brief duration of mating; the entire process 
rarely exceeded a minute andahalf. In all, 35 matings were witnessed; 
most of these were observed in detail, usually with the aid of a hand 
lens. Occasional pairs were removed to glass slides for immediate 
examination, and fifteen pairs were fixed for later sectioning and study. 
The pairs were transferred by means of a pipette from aquarium or 
fingerbowl to the fixative. Unfortunately, the mates separated in 
every case, either during this transfer or at some time before the em- 
bedding process was reached. This separation removed the possi- 
bility of subsequent identification of members of a single pair, since 
two or more pairs were usually stored in a single vial. Only two pairs 
were stored separately. However, the data furnish ample evidence 
with regard to the essential features of the mating process in Polycherus 
carmelensis. 
OBSERVATIONS 

Copulation was most frequently observed on the glass sides of the 
aquaria where the worms were present in great numbers. About one- 
third of the observed matings occurred in the fingerbowls. Mating 
was never seen in the tide pools, but is assumed to have preceded the 
deposition of eggs which were found in abundance on small stones and 
in the folds of Ulva. In Polycherus carmelensis the eggs are fertilized 
before deposition, and there is no evidence of the occurrence, in this 
species, of self-fertilization or of any method of sperm transfer other 
than true copulation. 

The 35 matings witnessed in the laboratory are listed in Table I, 
according to the respective dates and hours of occurrence. The table 
shows that matings are infrequent during the late morning, afternoon, 
and evening, but are relatively numerous immediately after dawn, 
from 5 to 7 o'clock. Periods of observation of the aquaria and finger- 
bowls included all hours of the day and night except from 1 to 4 A.M. 
However, in the table, hours of observation (+) are indicated, where 
records are sufficiently complete, only for days upon which one or 
more matings was witnessed. While observations during the period 
from 4:45 to 9:30 A.M. were made only on the three dates listed, the 
observations during the usual working hours of the day, as well as at 
night, were far more extensive. Therefore, the difference in frequency 
of mating in the early morning as compared with the later hours is 
probably greater than the total numbers indicate. Indeed, after 
having repeatedly watched in vain for signs of mating, the occurrence 
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of nine or ten matings within 2 to 23 hours after dawn seemed a veri- 
table epidemic. It is interesting to note that, whereas early morning 
is the preferred mating time, egg-deposition occurs usually after sun- 
down. 

There was considerable variation in the degree of activity of the 
worms during the month of observation, probably in some measure 
correlated with the length of time during which they had been kept 
in the laboratory. However, our data are of insufficient extent to 
provide evidence of this correlation. 

The process of mating took place in the following manner (text fig. 
2). Considerable restlessness was evidenced by certain mature- 
looking worms, which usually contained visible accumulations of 
sperm in the vasa deferentia and at the base of the ejaculatory duct. 


TABLE I 


The numbers of matings observed in the laboratory are listed according to the 
dates and hours of occurrence. The hours of observation (+) on the respective dates 
are indicated, where the records are sufficiently complete. 


Total 
4:45-5 12-1 observed 
A.M. 5-6 6-7 7-8 8-9 9-10 10-11 11-12 P.M. 1-2 2-3 3+ 4-5 5-6 6-7 7-8 8-9) matings 


June 24 

July 28 
29 
31 

Aug. 2... 
9 
13 
16 
24 


Total observed 
matings 


Such individuals moved about actively, frequently elevating the head 
end, and pausing to exchange head contacts with other worms. In 
case such overtures between two worms were prolonged, the individuals 
faced each other with the anterior halves of their bodies touching 
ventrally and swaying slowly’from side to side in opposite directions 
(2a). This process was sometimes terminated by one worm moving 
away. If continued, one animal presently bent its anterior half down 
under its partner, twisting at the same time so as to bring its ventral 


surface into contact with the ventral surface of its partner, and retain- 


ing attachment to the substratum along the posterior margin of one 
side. The partner at the same time arched dorsally, elevated the side 
adjoining the other individual, remaining attached only along the 
margin of one side (2b). The two worms then glided along each other 
in opposite directions, ventro-lateral margins in contact, until each 
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animal had passed more than half its length beyond its partner. At 
this point, when the copulatory organs were presumably in juxta- 
position, one animal, with a sudden snap, released its attachment 
completely, both curled ventrally, the pair forming a ball attached 
only by the lateral marginal papilla of one animal (2c and 2d). After 
a connection of only 40 to 50 seconds, the attached animal uncurled, 
and began to move off, necessitating the reattachment of its partner. 
The entire mating process, including overtures, occupied only 1 to 13 
minutes. 

The mating position obviously conceals the actual relation of the 
genital regions of the two worms. Mating pairs placed on slides for 
examination separated immediately. However, they showed certain 
facts clearly. The genital region invariably evidenced activity by 


‘ill as See 
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Text FIG. 2. Series of sketches showing progressive stages in the assumption 
of the typical copulatory position. a, b, mating pair viewed in plane parallel to the 
substratum; c, d, viewed in plane perpendicular to the substratum. 


the protrusion of the penis, the repeated contraction and distention of 
the vagina and the female aperture. In several individuals a large 
mass of sperm was visible in the dorsal part of the bursa anterior to 
the vaginal pocket. Only once were sperm observed at the female 
aperture; there was never a trace of sperm in the vagina, pocket, or 
about the penis, though a fluid filled with oil-like globules issued from 
the penis of one individual. The presence of sperm in the bursa, and 
their complete absence from vagina, pocket or penis, suggested that 
sperm might be deposited directly into the dorsal chamber of the 
bursa by the insertion of the penis of one worm into the lumen of the 
vaginal pocket of its mate. Confirmatory and supplementary evidence 
was provided by the sectioned material. 

A sagittal view of a typical individual fixed during copulation 
(plate fig. 2) shows striking differences from the typical non-copulant 
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(plate fig. 1). The body is usually curved ventrally though seldom 
retaining in fixation the full flexure of the mating position. Invariably, 
the penis (p) is protruded through the male aperture (co), and the 
vagina (v) distended. The vaginal pocket (vp) is usually curved 
slightly ventrally, the epithelial lining of the lumen showing signs of 
activity in the antero-posterior orientation of the nuclei and the 
pseudopodial projections and occasional sloughing at the opening into 
the vagina. In the non-copulant the penis is retracted, the vagina 
and female aperture antero-posteriorly flattened. The pocket infre- 


™mm. 
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TExtT FIG. 3. Transverse section (slightly oblique dorso-ventrally) of individual 
fixed, during copulation, in Heath’s solution and stained by the Flemming tri-color 
method. The ventral curvature typical of the copulatory position is shown by the 
presence of caudal lobes (ci), and penis (p), in section which passes through the 
anterior portion of the bursa (bs). Camera lucida drawing, with scale. 


quently displays evidence of activity, and in some cases the lumen is 
not visible at the anterior end. <A few individuals, such as that shown 
in text fig. 3, in transverse section, retained more completely the cur- 
vature of the typical copulatory position (text fig. 2, c andd). The 
body is bent ventrally at the level of the vagina, so that the transverse 
section through the anterior portion of the bursa (bs) passes also 
through the extended penis (p), and through the caudal lobes (c/). 
Thus, the copulatory organs of the fixed mating worms indicate 
activity and are in such a position as to permit the insertion of the 
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penis of each individual into the anteriorly-directed pocket of its 
mate 

The accomplishment of impregnation during copulation is evi- 
denced by 16 of the sectioned worms. In these animals (plate figs. 2 
and 3) a large mass of sperm (s) is found in the dorsal part of the 
bursa usually anterior to the pocket, but frequently connected by 
strands of sperm with the anterior end of the lumen. The absence of 
sperm elsewhere in the lumen, and in the vagina, in both fixed and 
living copulants, seems to justify the conclusion that the sperm are 
deposited directly into the dorsal chamber of the bursa by the insertion 
of the penis of the mate into the vaginal pocket, probably as far as the 
opening of the latter into the bursa. The large aggregates of sperm 
in the dorsal bursa are sometimes densely coiled (plate fig. 3), some- 
times more scattered (plate fig. 2). They are embedded in the bursa 
tissue; several cases in which they appear to be embedded in the in- 
testinal parenchyma probably represent distortion due to slow fixation. 
The enormous size of these sperm masses, their position anterior to 
the pocket, and their frequent connection with the pocket lumen, 
distinguish them from those found in random specimens. They are 
without doubt masses deposited during the mating which was ter- 
minated immediately before, or interrupted by, fixation. Three addi- 
tional sectioned worms contained smaller masses of sperm which were 
judged to be newly-acquired. The remaining eleven worms gave no 
evidence of impregnation. 

It is obvious that some of the fifteen pairs of worms were recipro- 
cally impregnated since more than half of the individuals contained 
newly-acquired sperm. The two mating pairs which were preserved 
in separate vials were both cases of reciprocal impregnation. By noting 
for each vial in which more than one mating pair were preserved, the 
proportion of individuals containing newly-acquired sperm, it was 
found that at least six of the total fifteen matings involved reciprocal 
impregnation. Allowing for the disturbance of the mating worms 
incident to their transfer to the fixative, it appears probable that 


reciprocal impregnation is of more usual occurrence than the minimum 


figures indicate. 

Thus, the results of examination of the fixed material are in har- 
mony with, and supplement, the observations of the living mating 
worms. ‘There was no evidence of the use of bursa mouth pieces for 
the accomplishment of sperm transfer by the hypodermic method, as 
postulated by Gardiner for P. caudatus. 

The subsequent path of the sperm from the dorsal part of the bursa 
to the eggs will be considered only briefly at present. Undoubtedly, 
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some of the sperm migrate ventrally within the bursa to the mouth 
pieces, as evidenced by certain of the fixed copulants (plate fig. 3, s’). 
This is in accord with Mark’s view of the distribution of sperm in the 
bursa of P. caudatus. We have as yet found no evidence of the passage 
of sperm through the mouth pieces to the eggs by way of the vacuolated 
ventral parenchyma, as Lohner postulated for P. caudatus. We hope 
to consider this subject more fully in a paper dealing with the matura- 
tion and fertilization of the eggs of Polycherus carmelensis. 


DISCUSSION 

Attention may be directed to certain similarities and differences in 
the copulatory process of the three species of Acoela for which it has 
been described, Monocherus lineatus, Amphiscolops langerhansi, and 
Polycherus carmelensis. The general copulatory position is similar in 
all cases in that the mates are united by the ventral surfaces of the 
posterior ends, their anterior ends extending in opposite directions. 
No further details of the process were given by Peebles (1915) for 
Monocherus lineatus. In Amphiscolops langerhansit (Hyman, 1937), 
the mates assume the form of a ball for about thirty seconds prior to 
the assumption of the final mating position, in which they are unrolled 
and attached by their ventral surfaces. The ball form is closely 
similar to the final mating position characteristic of P. carmelensts. 
The prolonged union of forty to fifty-five minutes in Amphiscolops 
contrasts strikingly with the extremely brief union of forty to fifty 
seconds in P. carmelensis. 

The relative positions of the reproductive organs of the mates 
differ, in the two species, in correspondence with structural differences. 
In Amphiscolops, the bursa opens into the female genital pore by way 
of a small invagination (Hyman, p. 322). The penis papilla is free 
only posteriorly, behind which there is a projecting sperm guide. 
Copulation occurs by. the interlocking of penes. The sperm are 
directed toward the bursa of each individual by the sperm guide of the 
mate. Impregnation is mutual in Amphiscolops langerhanst. 


SUMMARY 

The process of mating is described for Polychewrus carmelensis. A 
study of living and fixed mating individuals, separated from their 
mates, indicates that copulation involves the insertion of the penis of 
each individual into the vaginal pocket of the mate, so that sperm are 
deposited directly into the dorsal chamber of the seminal bursa. Im- 
pregnation is, in some cases, reciprocal. The entire process lasts only 
one to one and a half minutes. 















HELEN M. COSTELLO AND DONALD P. COSTELLO 


LITERATURE CITED 


BREsSLAU, E., 1933. Turbellaria. Kiikenthal—Krumbach Handbuch der Zodlogie, 
Bd. 2. 

CosTELLo, D. P., Anp H. M. Coste.io, 1937. Copulation in the accelous turbel- 
larian Polychcerus carmelensis (Abstract). Amat. Rec., 70: (suppl.) 138. 

CosTELLo, H. M., AND D. P. CosTEeLiLo, 1938. A new species of Polychcerus from 
the Pacific coast. Ann. and Mag. of Nat. Hist., ser. 11, 1: 148-155. 

GARDINER, E. G., 1895. Early development of Polychcerus caudatus, Mark. Jour. 
Morph., 11: 155-176. 

GARDINER, E. G., 1898. The growth of the ovum, formation of the polar bodies, 
and the fertilization in Polychcerus caudatus. Jour. Morph., 15: 73-110. 

Grarr, L. von, 1905. Turbellaria, Erste Unterklasse: Acoela Ulj. H. G. Bronn, 
Klassen und Ordnungen des Tier-Reichs wissenschaftlich dargestellt in 
Wort und Bild. Bd. 4, 68-74 Lief., S. 1902-1984. Leipzig. 

Hyman, L. H., 1937. Reproductive system and copulation in Amphiscolops langer- 
hansi (Turbellaria Acoela). Biol. Bull., 72: 319-326. 

LOHNER, L., 1910. Untersuchungen iiber Polychcerus caudatus Mark. Zettschr. f. 
wiss. Zodl., 95: 451-506. 

Mark, E. L., 1892. Polychcerus caudatus nov. gen. et nov. spec. Festschrift zum 
70. Geburtstage R. Leuckarts. S. 298. Leipzig. 

PEEBLES, F., 1915. <A description of three Accela from the Gulf of Naples. Mitteil. 
a. d. Zoél. Stat. zu Neapel., 22: 291-311. 

VERRILL, A. E., 1893. Marine planarians of New England. Trans. Conn. Acad., 8: 
459-520. 








TRANSPLANTATION OF MUTANT AND WILD TYPE 
BRISTLE-BEARING TISSUES IN DROSOPHILA 
MELANOGASTER ! 


E. A. GLANCY AND RUTH B. HOWLAND 


WASHINGTON SQUARE COLLEGE, NEW YORK UNIVERSITY 


INTRODUCTION 


The data on mosaics (Sturtevant, 1932) show that certain bristle 
mutants such as scute and yellow, though ordinarily autonomous, may 
display non-autonomous development if present in small patches of 
tissue. Development of such characters as forked, singed and spine- 
less, however, is not influenced by surrounding tissues of a different 
genotype (Morgan, Bridges and Sturtevant, 1919; Patterson, 1931). 

Imaginal disks from which arise the bristle-bearing regions of 
adult flies are, on transplantation to host larva, known to reach a 
maximum degree of development. Their condition indicates that 
they may serve as a basis for the study of genic interaction in the same 
manner as have imaginal eye tissues (Ephrussi and Beadle, 1937; 
Beadle and Ephrussi, 1936). 

Since the effects produced by imaginal eye disk transfer have led 
to the postulation of definite diffusible substances active in the pro- 
duction of eye color, it is reasonable to assume that the presence of 
similar substances, essential for the development of various bristle 
types, may be demonstrated. Plunkett (1926) has postulated that 
there may be something which, spreading from a region of maximum 
effect, tends (a) to remove bristles or (b) to form bristles. Additional 
evidence of the existence of such a substance is offered by Child (1935). 


MATERIALS AND METHOD 


The technique used in making transplantations in Drosophila has 
been so fully described (Ephrussi and Beadle, 1936) that a detailed 
repetition is unnecessary. An imaginal disk, dissected out of one 
larva, the donor, was picked up in a micro-pipette and injected into 
the body cavity of the etherized host. Generally the operations were 
carried out with larve twenty-four hours prior to puparium formation 
(so-called ‘‘standard’’ age). When the fly had hatched, it was dis- 

‘Grateful acknowledgment is made to the American Philosophical Society 
whose grant-in-aid made the work herein reported possible. 
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sected in a 20 per cent solution of glycerin in alcohol, this medium being 
used to keep the bristles flexible and so prevent their breaking. After 
the various regions of the implant had been identified, it was then un- 
folded and examined under a compound microscope. If protected by 
a coverslip, such temporary mounts could be kept for weeks with an 
occasional addition of small quantities of the glycerin-alcohol mixture. 

Another series of experiments was concerned with the injection 
of body fluid from prepupz and pupz into mature larve, prepupe and 
pupz. The technique used was similar to that of Beadle, Clancy and 
Ephrussi (1937) but differed in one respect. Newly-formed prepupz 
were caused to adhere to slides by the application of a small amount of 
culture medium which acted as a glue. In this way it was possible to 
carry out operations without holding the pupa case. All injections 
were made posteriorly in order not to injure the macrochetz-bearing 
regions. 5 

Description of Stocks Used 

The stocks were available from those maintained at Washington 
Square College, with the exception of the scute-1 stock which was ob- 
tained from Dr. G. P. Child of Amherst College. The characters of the 
various stocks used are briefly summarized below: 


(1) + wild type, Woodbury and Oregon R strains. Bristle 
characters in the Woodbury stock somewhat variable, duplications and 
absences more frequent than in Oregon R. 

(2) f (B) —— forked. Macrochetz forked, gnarled or bent, the 
posterior scutellars showing the character in most extreme form. 
Microchetz unaffected. 


(3) sn*—— singed. Macrochete gnarled, curved and twisted, 
especially the posterior scutellars. Microchztz also affected. 
(4) ss ——- spineless. All macrochetz reduced in size, especially 


the scutellar, ocellar and post-vertical bristles. 

(5) H* ext —— Hairless extreme. An extreme form of Hairless, 
practically all bristles and hairs missing. Only 50 per cent of the 
offspring H? ext. Stock maintained by constant selection. Tricho- 
pores (circular pits bordered by raised annuli) present. 

(6) sc ——scute-1. Scutellar bristles nearly always missing, 
orbitals and post-verticals often gone, presuturals frequently absent. 
No trichopores present. 

(7) y sc—— yellow scute-1. More variable than the above 
scute-1. One or more scutellar bristles found in about 35 per cent of 
the flies. Bristle color as well as body color yellow. 
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EXPERIMENTAL DATA 


Growth and Differentiation of Implanted Dorsal Mesothoracic Disks 

The dorsal mesothoracic disk gives rise to the wing, the dorsal 
half of the thorax (except the humerus), and half of the scutellum 
(Chen, 1929). If both host and donor larve used are mature, well- 
developed bristles are found on the implant when it is dissected out of 
the newly hatched fly. The thoracic and scutellar regions of an im- 
plant are a light tan while the wing is gray. If allowed to remain 
in the host fly for a few days, the implant becomes much darker in 
color. Younger disks transplanted into hosts of ‘‘standard’’ age 
produce bristles which are not sufficiently well developed for a critical 





asa psa apa p pa 


Fic. 1. Diagrammatic representation of a wild type implant showing bristle 
arrangement. Note the two bent bristles. The wing has been moved to one side 
and partially unfolded, but the thoracic region has not been touched. A, the scutel- 
lum; B, the thoracic region; C, the wing. The macrochetz have been identified: 
a@ sc, anterior scutellar; p dc, posterior dorso-central; p pa, posterior post-alar; a pa, 
anterior post-alar; p sa, posterior supra-alar; a sa, anterior supra-alar; p np, posterior 
notopleural; p sc, posterior scutellar; a dc, anterior dorso-central; ps, pre-sutural; 
a np, anterior notopleural. 


analysis to be made of the mutant character being studied. However, 
if such an implant be allowed to remain in the host fly several days 
after hatching, further development of the bristles will take place. 
The implant on being dissected out of the host fly is found en- 
closed in a sac. Since the disk has not been everted during develop- 
ment, it should be carefully opened and spread out for critical observa- 
tion of the bristles. The eleven macrochetz developed by each dorsal 
mesothoracic disk include all the thoracic bristles except the humerals, 
which develop from the prothoracic disk (Chen, 1929). Size and 
arrangement of bristles with respect to each other and to the micro- 





102 <. A. GLANCY AND RUTH B. HOWLAND 


chet make it possible to identify each of them positively in a favorable 
implant (Fig. 1). If the action of bristle-removing genes, or of genes 
which cause the growth of extra bristles is being studied, a count of the 
macrochetz is sufficient. The scutellar region is ordinarily easy to 
recognize, unless the scutellar bristles are absent as in scute-1 or 
Hairless extreme. In these mutants a study of the macrochetz is 
essential in the identification of the phenotype of the implant. 


Wild Type Disks in Mutant and Wild Type Hosts 
Before the results obtained on implantation of bristle-bearing tis- 
sues into mutant hosts are reported, it is essential that certain factors 
which complicate the interpretation of the data be reviewed: It has 
been previously pointed out (Howland and Glancy, 1937) that wild 


type implants in wild type hosts exhibit a varying number of bristle 
types. One of these is simply bent, others strikingly resemble those of 
the mutants forked and singed, and still others are not identical with 
the bristle forms characteristic of any known mutant in Drosophila. 

An analysis of the possible causes of this phenomenon indicated 
that these effects were the result of pressure exerted on the bristles 
during their development within the implant. It is evident that the 
effect of compression on the bristles must constantly be kept in mind, 
especially if bristle-bearing tissues are allowed to develop in mutant 
hosts such as forked and singed. 

Wild type disks implanted into H? ext, ss, y sc, sc, f and sn* hosts 
are held to develop autonomously, since implants in f and sn* hosts 
produce no more forked and singed bristles than are found on the 
controls. Three or four of the larger bristles may show some distor- 
tion and one or two of the smaller ones may also be affected (Howland 
and Glancy, 1937). 

The phenotype of all host flies was normal with the possible ex- 
ception of a slight modification of the H? and y sc. In the former,? if 
the host on hatching proves to be H? ext, it is easy to say with certainty 
that the implant has had no effect, but in H? hosts the normal varia- 
bility in bristle number leaves the matter open to question. Statistical 
treatment of large numbers would be required to determine beyond any 
doubt whether a greater number than the normal expectation had been 
induced to grow. 

2 It must be remembered that in this stock only 50 per cent of the offspring 
are H? ext, the other 50 per cent being H*. (See description of stocks.) If used as 
hosts, the actual condition (H* or H? ext) can be checked on hatching. When choosing 
larve for donors from this stock there is no way to insure the selection of an H? ex; 
mutant. On counting many hundreds of flies from the stock bottles it was foung 


however, that of the first flies hatching a far greater number were H*. Larve useq 
for hosts and donors were always chosen from the later ‘‘crop”’ in a bottle. 
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Spineless Disks in Mutant and Wild Type Hosts 


The ss disks developed autonomously without modifying the 
phenotype of the host flies, H? ext, ss, y sc, sc, fandsn*. No change in 
size of bristles was found on implants in wild type hosts, or any mutant 
hosts. Since the bristles in ss are smaller than in +, they are sub- 
jected to less compression in the implant. Therefore it may be stated 
with certainty that development is autonomous in every case. In 
all the ss implants examined but two abnormal bristles were found, and 
both of those were split from tip to base. Never were typical forked or 
singed bristles present. 


Hairless Extreme Disks * in Mutant and Wild Type Hosts 

Dorsal mesothoracic disks from H? ext stocks were implanted into 
ss, y sc, sc, f, sn* and + hosts without modifying the phenotype of the 
host. In every case trichopores were identifiable in the implant. 
In about 50 per cent of the implants some bristles were present, as 
would be expected. 

Statistical treatment of further data would be required to deter- 
mine whether the average bristle number is (a) less in H? implants in 
sc hosts and (6) greater in H? implants in + hosts, than in H? controls. 
In the first instance, genetic data would lead one to expect an intensi- 
fication of bristle loss, for when H? is crossed to sc the total number of 
bristles missing is greater than the sum of those removed by the H? and 
sc genes (Sturtevant and Schultz, 1931). 


Scute Disks in Mutant and Wild Type Iosts 


This series of experiments was carried out with a thoroughly in- 
bred se stock in which a scutellar bristle is rarely found. Develop- 
ment of sc implants is autonomous in ss, sn’, H? ext, f, y sc and + hosts. 


No scutellar bristles were found on any implants in this series. Host 
flies were normal with two exceptions which without further data 
cannot be considered significant. One wild type male host lacked an 
upper humeral and an ocellar bristle, while the left anterior scutellar 
Was missing in one wild type female. 


Yellow Scute Disks in Mutant and Wild Type Hosts 
The development of y sc disks is autonomous in H? ext, ss, sn’, f, 
sc and + hosts with respect to y character. This is also true of the sc 
character within the limits of variability which occur in the y sc stock. 
No modification of the host was observed. These results on yellow 
body color confirm those of Medvedev (1937) and show that yellow 
bristle color is also autonomous. 





A. GLANCY AND RUTH B. HOWLAND 


Forked Disks in Mutant and Wild Type Iosts 


Development of f disks is autonomous in H? ext, ss, sc, y sc, sn* 
and + hosts without modification of the host phenotype. The f 
implants can readily be distinguished from sn* as the bristles are 
angular in f and curved in sn’, although there is considerable overlap- 
ping of types (Howland and Glancy, 1937). In the particular f 
stock used, the microchetz are straight, while in the sn* stock they 
are singed. 

Singed Desks in Mutant and Wild Type Hosts 


In every case development of sn* disks is autonomous, 1.e., in 
H? ext, ss, y sc, sc, f and + hosts, and the host flies are normal. The 
positive identification of sn’ offers no difficulty since all the microchztze 
as well as the macrochztz show this character. 


Injections of Mutant and Wild Type Body Fluid 


Essentially the same series of experiments as those just reported 
were performed with the exception that injections of body fluid were 
made instead of imaginal disk transfers. In addition a wider range 
of ages of both host and donor was employed covering the late larval, 
prepupal and early (up to thirty-six hours) pupal periods. The in- 
jection combinations were made as follows: (1) prepupal fluid into 
mature larve and prepupe, (2) pupal fluid into mature larve, pre- 
pupe and pupz. Larval fluid was not used. 

In many instances the imagoes did not emerge, but had to be re- 
moved from the pupa cases. In some of these flies a few abnormal 
bristles, generally including one or more of the scutellars, were noticed. 
However, these results can be accounted for on the basis of compres- 
sion of the developing bristles (Howland and Glancy, 1937). The 
genotype of the host from which the fluid was taken apparently did not 


influence the production of these abnormal bristles, for experimental 


control wild type animals exhibited similar anomalies. 


Conclusions 


Although there has been no indication of the presence of diffusible 
substances in ss, H? ext, sc, y sc, sn*, f and + under the experimental 
conditions described, positive evidence might be forthcoming if (a) 
the entire range of time relationship between host and donor were 
tested, (b) if the amount of injected material were greatly increased or 
(c) if the implanted material were lodged in close proximity to the 
macrochetz-bearing regions. The possibility that imaginal bristle- 
bearing tissues are impermeable to such substances or that they may 
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be unable to release them into the body fluid also deserves special 


consideration. 
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THE EFFECT OF LIGHT ON THE VERTICAL MOVEMENTS 
OF ACARTIA CLAUSI (GIESBRECHT) ! 


W. H. JOHNSON 


From the Atlantic Biological Station at St. Andrews and the Woods Hole Oceanographic 
Institution, Woods Hole, Mass. 


The changing vertical distribution of plankton Crustacea has long 
received a great deal of attention; copepods in particular have been the 
object of much study. Although many factors have been proposed to 
account for vertical migrations, it is now generally recognized that light 
is the chief instigator. The complexity of the affair, however, has been 
frequently discussed by such outstanding authors on the subject as 
F. S. Russell of Plymouth and G. L. Clarke of Woods Hole. The 
apparent lack of persistent responses makes it highly desirable to 
collect more facts dealing with the réle played by light and it was with 
this end in view that the following studies were made on the marine 
copepod, Acartia clausi. 

FIELD STUDIES 


Field studies were carried out during the summers of 1935 and 
1936, the collections of the first summer being confined to the head 
(Big Bay) while those of the second summer centered close to the 
mouth (off Bain’s Island) of Inner Passamaquoddy Bay. 


Methods 
The two stations were established in regions devoid of any strong 
tidal currents which might complicate the results. The vertical dis- 
tributions were determined under various conditions of light by col- 
lecting samples at four different depths for each condition of light. 
The nets were made from No. 5 bolting cloth. By a special con- 
trivance, it was possible to collect the organisms only at the specific 


depths; no such device was necessary for the surface tow. The ar- 


rangement for opening and closing the nets is shown in Fig. 1. The 
a”’ which is 


ae 


net is lowered to the specific depth by means of the line 
kept taut, while line ‘‘b’’ runs out freely. In this way the net descends 
vertically due to the weight ‘‘w.’’ On reaching the desired depth, 
a messenger is let down line “b” thereby releasing the attached 
mechanism. The net thus takes up the second position and line 


' Contribution No. 183 from the Woods Hole Oceanographic Institution. 
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LOWERING THE NET 


“f" t 


MESSENGER 


s 


MESSENGER 


RAISING THE NET 


Fic. 1. Closing mechanism used with the nets. 
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‘“‘b”’ is withdrawn into the boat. The boat now slowly moves forward 
causing the net to strain the water. As nearly as can be judged, a 
definite and constant velocity of the boat is maintained. At the end 
of ten minutes a messenger is let down line ‘‘a’’ causing the net to be 
closed and the whole arrangement is withdrawn into the boat. The 
contents of the net are then carefully washed into the pint sealer ‘‘s,”’ 
preserved in 4 per cent formaldehyde, and labelled. 

Just before the nets were towed, the light intensity incident at the 
surface was measured by means of a solarimeter. This instrument is 
made by Kipp and Zonen, Delft, Holland. The light-receiving unit is 
a Moll surface thermopile covered with a hemispherical quartz window. 
The current produced is measured by means of a micro-ammeter. On 
a clear day this instrument will measure the intensity of sunlight from 
sunrise to sunset. The units of light intensity recorded are percent- 
ages of full noon June sunlight (F.N.J.S.), ie. in percentage of the 
highest reading of noon June sunlight. 

The transparency of the water was measured by means of a Secchi 
disk. It always disappeared from view at 16 feet. 

The contents of the pint sealers were treated in the laboratory as 
follows: permitted to settle in a graduate to determine total volume; 
thoroughly shaken so as to produce a homogeneous mixture, and ex- 
actly 5 cc. removed by means of a Stempel pipette; the 5 cc. sample 
placed on a specially constructed counting cell, and the copepods 
identified and counted. At least two counts were made, except when 
there was so little plankton present that the whole tow was counted 
without making use of the Stempel pipette. The results of the counts 
were averaged. If the counts were within 10 per cent of their average, 
no further counts were made. The counts, when specimens were 
numerous, always showed close agreement. It was, however, often 
found necessary to make as many as six counts of the scarcer forms. 

Each copepod was determined as being male, female, or young. 
For the purpose of identification, the following authors were con- 
sulted: (a) Sars—‘‘ Crustacea of Norway,” and (+) Wilson—‘‘ Copepods 
of the Woods Hole Region.’”’ Such identification was not difficult 
as no very young forms were present in the tows, and the young found 
were sufficiently like the adults not to be easily confused as to species. 
The size, shape of fifth leg, antennule, and number of segments of the 
urosome were the characters mostly used for identification. The 
counting cell was so shallow that the copepods usually lay on their 
sides, thus exposing the fifth leg. A drop of dilute aqueous solution of 
methylene blue, added to the contents of the counting cell, greatly 
facilitated counting of the segments and recognition of the shape of the 
fifth legs. 
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Results 

Consecutive Samples:—The results of a 24-hour series taken off 
Bain’s Island on September 2 and 3, 1936, are shown in Fig. 2. 

During the morning of September 2, the sunlight intensity was in- 
creasing rapidly so as to reach 60 per cent F.N.J.S. by 10A.M. Males, 
females, and young were all absent from the surface with the young, 
on the whole, not as far down as the adults. 

By 2 P.M. the intensity had increased to a maximum of 78 per cent 
F.N.J.S. Occasional clouds in the sky, however, cut the intensity 
down to about 28 per cent F.N.J.S. when crossing before the sun. 


OCCASIONAL 
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Fic. 2. The vertical distributions of males, females, and young over a period 
of twenty-four consecutive hours in September of 1936. 


However, the prodominant light intensity was the maximum value 
recorded, and it is seen that males, females, and young are now in 
proportionately greater numbers at the bottom than before. 

During the late afternoon, the sunlight was decreasing rapidly 
so that at 6:15 P.M. the light was 7 per cent F.N.J.S. Unfortu- 
nately, low numbers were captured by the nets at the time and some 
justification is felt for believing that the true picture of vertical 
distribution is not presented here. 

A considerable drop in intensity occurred in the late evening so 
that by 7:30 P.M. a condition considered as dusk prevailed. The 
photometer would not register at this low intensity; the visibility was 
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very poor. During these conditions it is quite evident that a de- 


cided upward migration for males, females, and young had taken place 
so that decided maxima now occurred directly at the surface. 

Shortly after 7:30 P.M. the full moon had appeared over the hills 
and by 11:30 P.M. visibility was good. Thus there was an increase 
in light intensity from 7:30 to 11:30 P.M. and on comparing the distri- 
butions at these two times males, females, and young alike appear to 
show a downward migration from the surface. It may be, however, 
that the moonlight had no effect and the animals were becoming uni- 
formly distributed. 

Moonlight prevailed throughout the rest of the night till 5:00 A.M. 
and tows taken at 3:30 A.M. indicate a decided tendency for uniform 
distribution of males, females and young. Thus continued moon- 
light does not result in their concentrating at any one particular 
depth. 

At 6 A.M. the sun had risen over the hills causing an increase 
in light intensity as compared to the condition during the previous 
night. Males, females, and young all showed a downward migration 
from the surface with the young least affected, then the males, and 
finally the females. That is, the young showed a maximum at 2 
meters, the males from 2 to 7% meters, and the females at 714 meters. 

The sunlight continued to increase in intensity until by 10 A.M. 
it had reached 60 per cent F.N.J.S. Males, females, and young 
had descended still deeper into the water as compared with the condi- 
tion at 6 A.M., with the males and females now showing maxima at the 
bottom and the young at 7% meters. The young were still less affected 
by this condition than the adults. The vertical distributions are 
similar to those which obtained the previous day at 10 A.M. when the 
same light conditions prevailed. 

Another series of consecutive tows was taken during the summer of 
1935, the results of which are given in Fig. 3. During the late after- 
noon, the sunlight intensity was decreasing from 75 per cent at 2:40 
P.M. to 27 per cent F.N.J.S. at 5:40 P.M. The two-meter tow 
taken at 2:40 P.M. was unfortunately destroyed. Nevertheless, it is 
evident that a decided upward migration had taken place for males, 
females, and young directly to the surface at 5:40 P.M. 

The moon, which was two-thirds full, had been up all evening 
and so the light intensity was decreasing more slowly than had there 
been no moon. On comparing the vertical distributions of 8:55 P.M. 
with those which obtained at 5:40 P.M., it seems that a downward 
migration was taking place from the surface—possibly the result of 
the rate of decrease being so low as to no longer attract the animals 
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up to the surface such as occurred somewhat earlier in the evening, 
i.e. the rate of decrease must have been below their threshold (Clarke, 
1930). It might have been, had the light continued as it was at 8:55 
P.M., that the animals would later have become uniformily distrib- 
uted. However, the moon set shortly before midnight so that the 
condition at 12:10 A.M. represents a decrease in light intensity. Here 
we have evidence of an upward migration in the upper layers to the 
surface—a migration particularly evident for the males and young. 
During continued starlight conditions, males, females, and young 
tended to sink slowly in the water as seen by the condition at 3:20 A.M. 


SUNLIGHT 


V2 HOUR AFTER 
MOON 2/3 FULL STARLIGHT STARLIGHT SUMAISE 


Fic. 3. The vertical distributions of males, females, and young during con- 
secutive hours in August of 1935. 


With the sunlight increasing in intensity in the early morning, 
reaching 3 per cent F.N.J.S. at 6:25 A.M., and comparing the vertical 
distributions with those at 3:20 A.M., it is quite evident that a great 
decrease in numbers had taken place in the upper levels. Although 


the animals appear to be more or less uniformly distributed, it is be- 
lieved that a downward migration is in the process of being carried out, 
a fact which would have been made more evident had the tows been 
taken somewhat later (cf. Fig. 2 at 10 A.M.). 

Occasional Samples:—From the above results it is seen that upward 
migration occurs under decreasing light, while downward migration 
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occurs under increasing light. Although similar vertical distributions 
were found to occur on different days when the light intensities were 
the same, it soon became evident that this is not always the case. 
Thus at sunrise on August 1 (Fig. 4), the animals were all farther down 
than at sunrise on September 3 (Fig. 2) even though the light intensity 
was the same on each occasion. However, the light intensities pre- 
ceding sunrise were different on the two occasions; in the former case 
there had been no moonlight from 2:30 A.M. on, while in the latter 
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Fic. 4. The vertical distributions of males, females, and young as determined 
by occasional tows. 


case there had been full moonlight all night until one-half hour before 
sunrise. In other words, following the greater increase in light 
intensity the animals descended farther down. 

More examples indicating the difficulty of explaining vertical 
distributions on a basis of optimum intensity were found. For ex- 
ample, on June 12 at 4:30 P.M. males, females, and young showed 
practically the same vertical distributions as on June 10 at 10 A.M. 
(Fig. 4) even though the light intensities were decidedly different on 
the two occasions (10 per cent and 35 per cent F.N.J.S. respectively). 
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Increasing light apparently drives the animals down from the 
surface. When the light is steadily increasing in the morning, the 
higher the light intensity the farther down the animals are found 
(as has already been shown). However, this relationship between light 
intensity and depth does not necessarily hold when we compare the 
vertical distributions at the same time of the morning on two separate 
days having different intensities. This is well shown in Fig. 4. 
On August 20 at 10:50 A.M. males, females, and young were all, on 
the whole, nearer to the surface than at 10:30 A.M. on August 4, even 
though the light intensity was much higher on the former occasion 
(25 per cent F.N.J.S. as contrasted with 5 per cent F.N.J.S.). 


LABORATORY EXPERIMENTS 


Laboratory experiments, the results of which might prove to be of 
value in attempting to interpret the behavior of Acartia clausi in 
nature, were carried out in the basement of the Atlantic Biological 
Station during the latter part of September, 1936, 

We have seen cases where reliable results showed that similar 
vertical distributions can take place under different light intensities. 
This fact was noted for males, females, and young alike of the same 
species and in the same locality. If the animals change their vertical 
distributions with changes of light intensity, is the direction of migra- 
tion such as to bring them into a region of the same light intensity as 
that in which they existed formerly? ,Or, in other words, is there an 
optimum intensity for which the species is continually seeking? The 
very fact that similar vertical distributions can be found under 
different light intensities may answer the question in the negative 
in certain cases. However, to test the question somewhat more ex- 
tensively, it was decided to study their vertical distributions under 
controlled conditions of light in the laboratory. 


Methods and Results 

Two tows were made off the Atlantic Biological Station wharf at 
St. Andrews at 4 P.M. during bright sunlight of intensity 50 per cent 
F.N.J.S. at the surface. The tows were made at the surface catching 
a few hundred Acartia clausi. Very few of any other species were 
present, Acartia being dominant in this region. In a quiet region it 
would be difficult to obtain Acartia at the surface under such condi- 
tions, but due to swift tidal currents they are forced up to the surface 
here. 


Each tow was placed in a separate glass cylindrical glass jar of 
about 20 inches in length and 5 inches in internal diameter. Tar 
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paper was placed around and below each jar so that light could only 
come in from the top. A piece of thin glass was placed just above the 
open upper end of each jar so as to absorb heat from the electric light 
bulb when the latter was close to the jar. Over each jar was placed 
an electric light bulb of 50 watts, capable of being raised or lowered 
through a distance of 5 feet above the surface of the water in each jar. 
The arrangement was set up in a constant temperature room. The 
temperature of the water in the jars was thus kept the same as the 
water in nature from which the copepods had been removed (12° C.). 


Effects of Single Changes in Intensity 
Over one jar the electric light bulb was placed at a distance of 5 
feet from the surface, while over the other a bulb was fixed a foot from 
the surface. The animals which had been obtained from the surface 
under bright sunlight were allowed ten minutes to distribute themselves 
and then the vertical distributions were determined by counting the 
numbers seen during a period of one minute through a square hole 
(1/4 inch square) in the tar paper. Such a count was made for each 
quarter-length of the jar. The resulting vertical distributions are 
shown in the following table: 
Bulb at 1 foot Bulb at 5 feet 

Section I (upper) 22 60 

Section II.... «0k 

Section III 16 

Section IV (lower)... . : 1 


The animals were subjected, as a result of the above procedure, to a 
decrease in light intensity in each case (sunlight intensity at the surface 
in nature was 50 per cent F.N.J.S., while a 50-watt bulb, when placed 


at a distance of one foot from the photometer, produced a reading of 
4 per cent F.N.J.S., the intensity at a distance of 5 feet being 0.18 
per cent F.N.J.S.). Mf is seen from the above that both changes in 
light intensity resulted in upward movement the extent of which was 
greater following the larger decrease in intensity. The individuals 
were uniformly distributed in the jars before being taken into the 
laboratory. 


The electric bulbs were then left in the above positions until 
2:30 P.M. the next day, and on examining the vertical distributions 
it was found that the individuals were uniformly distributed in each 
jar. Pte results point to a decrease in light intensity as the stimu- 
lus for upward migration and the greater the change in light the 
greater the upward movement. -Ffurthermore, they indicate that the 
animals were not seeking an optimum intensity since they became 
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uniformly distributed when left for some time under the intensity in 
which they first moved upward. 


a | | é 
a oe 


2 3 


Fic. 5. The vertical distributions in glass jars resulting from increasing the 
light intensities at different frequencies. 


The positions of the bulbs were then reversed so that the bulb 
previously at the surface was raised to 5 feet causing a decided decrease 
in light intensity, while the bulb previously at 5 feet was lowered to 
1 foot from the surface causing an increase in light intensity. The 
vertical distributions ten minutes after the changes were made are 
shown in the following table: 

Bulb at 5 feet Bulb at 1 foot 
Section I (upper)..... ..28 1 
Section II ; ; cg - 


Section III....... +: 


Section IV (lower) beh —— 30 


\Afe results show that a decrease in light intensity resulted in up- 
ward movement while an increase in light induced downward move- 
ment. {Phe magnitudes of increase and decrease in both cases were 
the same and it is interesting to note that the resulting vertical distribu- 
tion of the one is practically the inverse of the other. The bulbs were 
left this way until 9 A.M. the following morning and on examination 
a uniform vertical distribution was found in each jar. Thus it again 
appears that a change in light intensity is necessary to evoke migration 
of Acartia, while under static conditions no movement occurs. 
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Effects of Repeated Changes in Intensity 


Increasing Light:—With the animals uniformly distributed and the 
bulb at 5 feet, the light intensity was increased by lowering the bulb 
1 foot every hour, 1 foot every half-hour, and one foot every 15 min- 
utes. The vertical distributions were determined shortly after each 
change was made, and in the case of one-hour intervals, readings were 
also made just before the next change. The results are shown in Fig. 5. 

Decreasing Light:—With the animals uniformly distributed and the 
bulb at 1 foot, the light intensity was decreased by raising the bulb 
one foot every hour, one foot every half-hour, and one foot every 15 


Fic. 6. The vertical distributions in glass jars resulting from decreasing the 
light intensities at different frequencies. 


minutes. Readings were taken of the vertical distributions 10 minutes 
after each change was made, and in the case of one-hour intervals, 
readings were also made just before the next change. The results 
are shown in Fig, 6. 

It is seen from the above two experiments, that on increasing or 
decreasing the light intensity by lowering or raising the bulb one foot 


every hour, slight but noticeable changes were produced in the vertical 


distributions of the copepods soon after each change was made, but 
that the animals returned to uniform vertical distribution before the 
next change was made. In the case of the half-hour intervals, the 
animals did not return to uniform vertical distribution but gradually 
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increased or decreased the distance at which the majority were found 
from the surface; the same applies to the 15-minute intervals except 


that thesztiovements were more pronounced. 

is thus seen that when the light intensity remained the same for 
some time before the next change was made, the animals returned to 
uniform vertical distribution; but if the next change followed soon 
enough the animals continued to move either up or down, as the case 
may be, and the more frequent the changes the more pronounced the 


effect. 

Examples are also seen where similar vertical distributions oc- 
curred under different light intensities, and also examples of different 
vertical distributions under similar light intensities. 


DISCUSSION 


While the vertical distributions of Acartia clausi in nature were 
found to present some puzzling problems, it appears that some im- 
portance might be placed upon the direction and rapidity of change 
of light intensity, i.e., downward migration may be brought about by 
increasing light intensity while upward migration may be brought 
about by decreasing light, and some instances were found which 
suggest that the more rapid the change of intensity, the greater the 
response induced. 

It is realized that the changes of light intensity produced in the 
experiment do not represent different rates of change but were merely 
different frequencies of change, and each change in itself was more 
sudden than usually occurs in nature (except possibly the sudden in- 
crease and decrease of light as the result of a cloud passing across the 
sun). Furthermore, it is realized that during any one series of changes 
the different magnitudes of change were in no two cases equal ;thus the 
experiment does not represent the effects of similar magnitudes of 
change merely being applied at different frequencies. Taking every- 
thing into consideration, the results of the experiment are not strictly 
applicable to light changes as they usually occur in nature. Neverthe- 
less, they do suggest that Acartia clausi requires changes in intensity 
to evoke vertical migration and the more frequently the changes occur 
the more the animals are stimulated to move either toward or away 
from the light as the case may be. 

An interesting fact not already mentioned is that Acartia moved 
toward an electric light (or bright sunlight) after having been in 
darkness, while, as was shown above, they moved away from the bulb 
when the latter was brought closer to the animals after they had been 
previously in the light. Similar responses have been noted by L. B. 
Clark (1931) for the insect Dineutes. 
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Although it is felt that the facts presented in this paper by no 
means solve the manner in which light controls the vertical move- 
ments of copepods in the sea, it is believed that they are worth while 


considering before the very complicated problem of phototropism be 


solved. 
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ON THE EARLY DEVELOPMENT—BIPOLAR DIFFERENTI- 
ATION AND CLEAVAGE—OF THE ZEBRA 
FISH, BRACHYDANIO RERIO 


EDWARD C. ROOSEN-RUNGE 


(From the Biological Department, Brown University) 


INTRODUCTION 


Extensive studies of the early development of teleosts are very rare. 
The separation of the protoplasm from yolk and the first cleavages 
have been most thoroughly observed by Kowalewski (1886). Spek 
(1933) was the first to solve some of the problems connected with 
bipolar differentiation, especially from the point of view of colloid 
chemistry. The few morphological descriptions of the first events 
are for the most part simply qualitative. In only one paper, of 
His (1876), can exact measurements and a series of continuous quanti- 
tative observations be found. These, however, are little noticed in 
the literature, since they are reported as individual items without 
adequate statistical analysis. 

The development of Brachydanio rerio, the zebra fish, a cyprinid 
from India, has never been described, and has been experimentally 
treated, as far as I know, only incidentally in a work of J. Oppenheimer 
(1936d), in which nothing is mentioned about the normal development 
of the egg. Of all the fishes whose development has been described 
Cyprinus blicca seems most like the zebra fish (v. Baer, 1835). From 
v. Baer’s pictures it appears that the proportions of yolk and proto- 
plasm and also the rate of development are almost the same. His 
discussion, however, begins with the blastula stage. 

In some respects, B. rerio is an extraordinary fit laboratory object. 
Eggs in considerable number can be obtained every day of the year. 
The egg is transparent, has a small yolk and can be held in any desired 
position without trouble. Furthermore, the development is unusually 
rapid. The time from fertilization to hatching is about 60 hours at 
27° C. Since the development presents several differences from the 
species already described and since so little is known about the earliest 
development of teleosts, it seems worthwhile to publish a simple 
description as a basis for further experimental study. 


MATERIAL AND METHODS 


The animals were kept in tanks of about 60 cm. length and 40 cm. 
119 
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width with a water level of at the utmost 25 cm. In a corner, the 
bottom was covered with stones of 2—6 cm. in diameter, over which 


a dense clump of plants was placed. The most successful and probably 
most natural propagation will be obtained by keeping the fishes in 
schools of 12-15 specimens, of which 8-10 should be males to guarantee 
abundant fertilization. The most fertile age is from 34 to 1% years. 
The optimal temperature is 26-27° C., most conveniently held by a 


thermostat. If uniformly healthy eggs are desired, it is necessary to 
have an abundant artificial aeration and even circulation of the water. 
Under such conditions the zebra fishes spawn almost every day, but 
the same individuals do not always take part, particularly not the 
females. The spawning occurs in the early morning at about 8 o'clock 
in winter, in summer often as early as half past five. The fertilized 
eggs drop into the plants and among the stones. The parents are 
not able to get the eggs to eat them, though they try continuously to 
find them. 

The eggs were caught with a dip-tube. Occasionally I fished them 
up while they were sinking and was thus able to observe the very 
early stages. Usually they were pipetted into small dishes, which 
were wrapped in gauze and placed in the aquarium near the aerating 
equipment. It is easy to obtain 10-50 eggs daily during the first 
3-4 weeks of spawning. Later the number decreases and there occur 
intervals of 1-4 days. With copious and varied food, research 
material is available almost continuously, as the young ones spawn at 
5-7 months of age and the seasons have practically no influence on 
the fertility in the aquarium. 


OBSERVATIONS 


Most observations were made on the living egg. Unless especially 
designated as averages, the measurements in this paper are all taken 
from two single eggs, the development of which has been recorded in 
a film. This film was taken with time accelerator under the micro- 
scope, and a partial description of it has already been published 
(Roosen-Runge, 1936). It is necessary to emphasize that the greatest 
advantage of such a film for science is not in looking at it, projected 
on the screen, though that may show an interesting survey. Careful 
measurements combined with comparison of the running film taught 
me to appreciate the film as a research method. Especially for the 
rapid events before the first cleavage measurements gave much better 
information than the observation of the running pictures. I used a 
copy of small size (16 mm.) from the standard sized negative and 
measured picture by picture with an eye-piece micrometer under the 





EARLY DEVELOPMENT OF THE ZEBRA FISH 121 


low power of the microscope. For the most important parts I had 
pictures of two different eggs to work with. While taking the film 
the eggs developed under a constant temperature of 27° C. The 
acceleration. The film was financed and assisted by the Deutsche 
Gesellschaft fiir wissenschaftliche Filme m.b.H., Berlin. 


pictures were done every 1% second corresponding to a 24 times 


THE DEVELOPMENT 


The following description will deal only with the development of 
the egg after fertilization. The mature egg of B. rerio is white and 
nearly opaque, homogeneously filled with granules. The average 
diameter is about 6254. When the egg leaves the oviduct it is 
apparently not so completely differentiated as the eggs of most teleosts. 
For example, in Corregonus macrophtalmus, Salmo irideus, Squalius 
cephalus, Leuciscus rutilus, Barbus fluviatalis, Tinca fluviatalis and 
Gasterosteus aculeatus, it was observed by Spek (1933), that a hydration 
of the cell substances has already taken place in the ovary, producing 
a much more transparent appearance in the eggs, and that in all 
these species bipolar differentiation is obvious before fertilization 
occurs. In the ripe egg of B. rerio there is no visible separation of 
the blastodisc. This does not mean that no differentiation exists. 
The polarity and the later bipolar differentiation is foreshadowed by 
the location of the nucleus and the very small amount of protoplasm 


around it. When the egg is laid, the water causes only a slight 
concentration of the protoplasm. This had been previously observed 
in the herring (Kupffer) and in the perch and the pike (Lereboullet), 


but most teleost eggs show in the ovary a distinct blastodisc, the 
increase in size of which is strongly accelerated by the contact with 
water. 

As I was never successful with artificial fertilization, I cannot 
report anything about the first minute of development from direct 
observation. My earliest observation begins about a minute after 
fertilization. The film, for which the egg had to be brought into 
position, does not start before 11% minutes, and so the exact measure- 
ment does not begin earlier. During the first minute the egg is 
already changing rapidly. Due to the fact that it is not completely 
differentiated in the ovary, all the first events are condensed into a 
very short time, so that during the first 15 minutes many more things 
happen than during the first 15 hours in the development of the trout 
(this is in both cases until the time of the first cleavage). 

Before entering into a detailed description of these early events it 
is necessary to say something about the method of orienting the egg. 
There is a polar axis in the mature egg of the zebra fish just as in 
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Fic. 1. Section through two cells of a 4-cell-stage. Nuclei in early prophase 
Stained with Heidenhain’s hematoxylin. 8yu4. X 810. 

Fic. 2. Section through an egg during early separation process. Yolk broken. 
The protoplasmic coat is visible around the cell, with a slight concentration at the 
vegetal pole. Stained with Heidenhain’s hematoxylin. 84. X 115. 
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other teleosts, though it is less conspicuous. Immediately after the 
membrane is lifted off (Fig. 1), the egg appears somewhat oval in 
shape with the long axis as the polar axis and the animal pole marked 
by a little depression, where the sperm entered. But it is far more 
important for the orientation of the egg that, in addition to this, the 
direction of the first cleavage plane seems also to be established very 
early. The cavity on the animal pole is from the first moment of 
observation slightly elongated, so that it appears deepest when seen 
along the long axis. It is therefore possible to orient the egg during 
the earliest stages by turning it around the polar axis, until the cavity 


appears most excavated. If this is done (Fig. 1 in this paper, Fig. 1a 


in Roosen-Runge, 1936) it is almost certain that the first cleavage 
plane will appear perpendicular to the plane of observation. Figure 7 
shows an egg in the fifteenth minute that had been exactly oriented 
in the described way. In Fig. 11 the first cleavage of the same egg 
can be seen. The direction of the first cleavage plane can be foretold 
at least shortly after fertilization. It remains a question whether or 
not it is established by the direction of the sperm entrance. If so, 
the determination must take place in the very short time of about 
one minute. 

About one minute after fertilization the egg has a diameter of 
about 750 u. from membrane to membrane. It is not quite round but 
the deviations are usually small. The membrane is soft and very 
extensible. Spek discovered that in teleosts it consists of the primary 
membrane of the odcyte and the radially striped cortical layer clinging 
to it. The external protoplasmic layer of the odcyte takes up water 
and lacune appear, which later flow together and establish the peri- 
vitelline space. Still later there begins an enormous secondary 
enlargement of the space, because water has been attracted into it. 
But in B. rerio some material for this enlargement evidently comes 
from the egg itself during the first few minutes, since the cell shrinks 
at first, though the egg as a whole is swelling. After the second minute 
the cell is about 580 in the equatorial diameter and 605 uw in the 
polar diameter. One and a half minutes later (Fig. 2) the equatorial 
diameter is still the same, 580 uw, but the polar diameter has decreased 
to 565 u, which means that together with a pronounced change in 
shape, the egg shrank and lost material into the space. The shrinking 
of the cell takes only a very short time of about 3% minutes. At the 
end the cell appears more round (Fig. 2) but the pole of the faintly 
visible blastodisc is somewhat more flattened. The diameter from 
membrane to membrane has increased from 750 yu to 830yu. During 
the following 2 to 3 minutes the cell itself increases greatly in volume, 
probably due to an increased hydration of its substances. 
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PLATES I anp II 
Explanation of Figures 

Photomicrographs of living zebra fish eggs, taken from a film. Development 
at’. oe 

Fics. 1—6 present one egg in the different stages. The egg is oriented so that 
the first cleavage plane will occur perpendicular to the picture plane. The egg 
turned between Figs. 5 and 6, so that only a small part of the blastodisc is visible 
in Fig. 6. 

Fics. 7-23 present another egg. The orientation is exactly the same as in 
Figs. 1-5 
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In describing the following change in shape the diameter of the 
first cleavage plane is referred to as the frontal diameter; the sagittal 
diameter is that of the second cleavage plane. These terms have no 
reference to the future planes of symmetry of the embryo. The 
longest diameter is always used. The stage in Fig. 4 has a polar 
diameter of 575 uw but a sagittal diameter of 665 ». At this time the 
sagittal diameter is 15-25 uw longer than the frontal diameter. The 
egg is somewhat elongated, as though it were foreshadowing the 
direction of the spindle axis of the first cleavage which is to follow. 
The elongated shape disappears entirely from the fifteenth minute 
until it reappears about the thirtieth minute at the time of the first 
cleavage. An elongation is observed as the first cleavage spindle 
develops in most eggs, but the previous lengthening is unusual and 


the relation of the two is not clear at present. 


At about the fifth minute the change of the cell substances is very 
conspicuous. The cell becomes more transparent in a short time 
beginning at the vegetal pole. If mixed with water the substances 
coagulate in a much finer and less granular form than if such a mixture 
is made during the first minutes. They are probably changed in their 
colloidal condition by a strong hydration. The enlargement of the 
cell is greatest at exactly the time when the animal pole is most 
flattened, and from exact measurement it can be seen that the increase 
in volume of the whole egg, that is the taking up of water through the 
membrane, begins to slow down at the same moment. It can be seen 
in Fig. 4 that there is a very thin, clear protoplasmic coat around the 
cell in direct connection with the blastodisc. This coat has gradually 
appeared during the preceding minutes. It shows an uneven outer 
surface which changes its shape continuously. The movements of 
the protoplasm are comparable to the so-called amceboid movements, 
observed in the trout shortly after fertilization (Oellacher, 1872). 
The protoplasmic layer is very distinct for 2 to 3 minutes and then 
begins to disappear with the next changes of the egg until it is entirely 
invisible in the ninth minute (Fig. 5). The cell rounds more and 
more and the blastodisc, flattened to a thin and even layer, becomes 
also round and higher with a smaller base. There is a conspicuous 
enlargement of the blastodisc now for the first time. Not the slightest 
streaming which would indicate a separation of protoplasm from yolk 
is visible, but the protoplasmic cover has become so fine that it is 
traceable only in the sections. The concentration of protoplasm into 
the blastodisc, at this time, seems to be an entirely different process, 
from what will be presented later as the separation of protoplasm 
from yolk. An actual separation must have happened earlier when 
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the clear protoplasmic layer appeared around the cell. At the time 
of the rounding of the egg the protoplasm concentrates from this 
layer into the blastodisc and thins out consequently. This phe- 
nomenon is unusual and seems never to have been described. 

After the stage in Figs. 6 and 7 is reached, there is an obvious 
break in the development, which is marked particularly by the fact 
that no visible changes happen during the next 5 minutes. No 
movements of yolk substance, nor of particles inside the protoplasm 
are visible. The cell is exactly round; all diameters are about 605. 
Shortly before the spherical shape was attained, the swelling of the 
egg as a whole had ceased, and the diameter of the egg remains constant 
from now on till the embryo hatches. That means that the volume 
of the egg does not change any more and that the membrane no 
longer expands. The egg finally has a diameter of 1 mm. 

The first movement inside the yolk is to be seen at about the 
fifteenth minute after fertilization. At first it appears as a fluctuation 
in the granular mass without a prevalent direction, but there must be 
a directed migration of material, since the blastodisc is already growing. 
The area between yolk and blastodisc, the ‘‘Mischzone,’’ which 
appears as a dark refracting zone in Fig. 7, becomes smaller until 
after 7 minutes it has almost disappeared. At that time (Fig. 9) 
conspicuous lines become visible in the yolk, caused by a directed 
streaming of protoplasm into the blastodisc. The material comes, at 
first, not so much from the center of the yolk, but flows more vigorously 
from the superficial parts, particularly from those near the blastodisc. 
The lines converge towards the center of the blastodisc, where they 
form acute angles. Two dark areas which appear symmetrically in 
the blastodisc at the base mark the location of the nuclei. The higher 
density of the protoplasm around the nuclei can also be observed in 
the stained sections (Fig. 1 in the text). When the position of the 
nuclei first becomes evident in the living egg, the darker areas around 
them are apparently distorted by the streaming of the protoplasm. 
The view from the animal pole confirms this, showing that the stream 
comes onto the blastodisc through the central area of the base, then 


spreads towards the upper part of the cell surface like a fountain. 


The most superficial layer is not involved in the movement. Granules 
appear anywhere throughout the cell, except in the immediate vicinity 
of the nucleus. Some of them lie in the surface layer; they do not 
take hematoxylin and look faintly yellowish in the sections. These 
cannot be distinguished from the stainable granules in the living egg. 

At about the twenty-second minute the direction of the stream 
begins to change. The lines in the yolk appear more nearly vertical 
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and very soon almost perpendicular to the base of the blastodisc. 
At this time the ‘‘ Mischzone”’ begins to grow rapidly, reaching its 
climax when the cell is cleaving. It represents a very dark and wide 
zone, which is situated under the central region of the blastodisc 
(Fig. 11). It apparently consists of fine granules mixed with larger 
yolk drops; between the two substances exists a great difference of 
refraction (Spek, 1933, p. 522). I was able to observe in the running 
pictures at this time a distinct stream of numerous fine granules in 
the protoplasm, apparently in the Jayers immediately underneath 
the surface. The direction of this stream is opposite to that of the 
axial stream in the yolk, but the velocity is about the same. It is 
visible only against the background of the contrasting yolk drops and 
not in the blastodisc itself. It seems probable that the concentration 
of protoplasm at the vegetal pole, which has been observed by 
Kowalewski (1886) and can be easily seen in the sections of Brachy- 
danio eggs at this stage (Fig. 2 in the text), is only a consequence 
of the counterstream in the protoplasmic coat. The fact ef this 
counterstream is of great importance, particularly with respect to the 
observations of Spek (1933, p. 524). He never saw any counterstream 
in teleost eggs and therefore denies that a lowering of the surface 
tension at the animal pole could account for the streaming of the 
protoplasm in that direction. I myself, though I knew the fact from 
the film, was never actually able to see it in the living cell. Only 
by means of speeding up the movement was it possible to overcome 
the great difficulty of distinguishing the fine transparent protoplasmic 
stream from the coarse movement in the yolk. 

The first cleavage is indicated by a slight depression at the animal 
pole at about the thirty-second minute (Fig. 11). A few minutes later 
the cells are divided by a line but not separated from each other 
(Fig. 12). The division is almost complete and no protoplasmic 
connection can be observed at the base of the cells as in most other 
teleosts, for instance, in the trout. The border can be stained with 
Heidenhain’s haematoxylin as a very fine but distinct line (Fig. 1 in 
the text). As the blastomeres separate, the ‘‘Mischzone’’ between 
yolk and blastodisc decreases, passing a stage where it seems to 
consist mostly of large distinct granules (Fig. 13, Plate II). In as 
much as the nuclei are usually divided at the twenty-second minute, 
the time which it takes to complete the cleavage seems relatively long. 
After the cleavage is completed (Fig. 14) the cells lose their spherical 
shape again and show a wide plane of contact. The streaming of the 
protoplasm, which ceased after the cells were completely rounded, 
begins in the parts nearer to the blastodisc as it did the first time and 
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gradually increases till the stream-comes from all parts of the yolk 
(Figs. 15 and 16), but the stream is not as vigorous, of course, because 
the amount of protoplasm left in the yolk is very much smaller. 

The ‘‘ Mischzone,’’ which appeared not very voluminous when the 
first cleavage was completed, becomes more conspicuous again. The 
climax of the separation process and the formation of the ‘‘ Mischzone”’ 
is reached when the second cleavage plane becomes visible, perpen- 
dicular to the first one (Fig. 16). During the further cleavages this 
cycle can always be seen to a gradually decreasing extent: the cells 
lose their round shape when the “‘ Mischzone’”’ and the stream into 
the blastodisc is minimal; they appear adherent to each other with 
wide contact areas, when the volume of the ‘“‘Mischzone”’ and the 
stream are at their maxima, and at this moment the cleavage plane 
becomes first visible (Fig. 18). Then the cells round again, become 
almost separated and the streaming discontinues (Fig. 19). The 
stage of 16 cells is to be seen in Fig. 20. The cells are rounded, so 
that three of the four rows of cells, one behind the other, can be 
distinguished in the picture. The same cells appear flattened as they 
divide into 32 (Fig. 21). They have rounded again in Fig. 22, which 
shows the cells on the outside more spherical, because they are not as 
widely adherent to surrounding cells. At the time of the first tan- 
gential cleavage the cells are again more flattened and the outline of 
the blastodisc appears smooth (Fig. 23). 

The first cleavages in B. rerio always appear in the same order and 
show in every respect a considerable constancy. The type of cleavage 
is the same as in Fundulus heteroclitus, recently described by J. Oppen- 
heimer (1936c, p. 408). It may be noted that among the teleosts 
described in the literature there are some with a very variable cleavage 
plan, e.g., Siphostoma Floriax, Serranus atrarius, etc. Others have a 
very regular and invariable cleavage pattern, e.g. Fundulus and even 
more so B. rerio. The second cleavage plane appears perpendicular 
to the first one, the third parallel to the first, the fourth parallel to 
the second and the fifth parallel to the first. The sixth cleavage is 
the first horizontal one. In Fundulus the fifth cleavage is usually 
horizontal. The cells divide synchronously for a long time. In the 
film a rhythm of division can be seen still in the blastula stage. This 
phenomenon will be tollowed into details in later work. 


DISCUSSION 


The most obvious point of view, from which the striking changes 
in the early development of the egg, in volume and shape, refraction 
and streaming rate may be surveyed, is that of the physical state of 
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the cell, but it is a question how far the physical state can be determined 
from simple observations without experiments. It is a priori certain 
that a quantitative analysis is quite impossible in this way and that 
many delicate changes which occur in viscosity and surface tension 
do not appear as changes in shape, or in refraction, or in the rate of 
movement. But if we confine ourselves to the most striking visible 
changes, it may be possible to conclude something indirectly. The 
results concerning physical changes in the living egg obtained by 
experimental methods, microdissecting and centrifuging, are not so 
abundant and unquestionable that an attempt to confirm one or the 
other by different means would be superfluous. 

Fertilization initiates a complex of processes. At first, the mem- 
brane lifts off, and an intake of water occurs. Then the egg begins 
to shrink and the dark granular structure of the unfertilized egg 
becomes even more opaque. When fixed in this stage there appear 
clouds of fine granules just outside the surface of the cell in the peri- 
vitelline space, and under the influence of the fixing fluid, more of the 
same stuff will be pressed out of the cell, as it shrinks visibly. Though 
faint traces of substance appear in all stages in the perivitelline space 
after fixation, no material is observed to come out of the cell except 
in the very first time after fertilization. The intake of water is at 


first confined to the perivitelline space; the cell itself loses some kind 


of albuminous substance into the hypotonic fluid, which begins to 
surround it. Whether a change in the colloidal state of the egg 
cytoplasm is involved in this process cannot be told. Very soon, 
however, there seems to be more evidence for an actual change. The 
cell begins to swell, the surface shows amceboid movement, a clear 
protoplasmic coat becomes visible and the content of the cell as a 
whole becomes more transparent. The granular structure appears 
coarser now. The most striking change is the flattening of the 
animal pole. When this occurs, the blastodisc is no longer a faintly 
visible concentration of granular protoplasm, but consists in a distinct 
clear disc. The whole animal pole, including both the yolk part and 
the cytoplasmic blastodisc, is flat and the yolk keeps the same flatten- 
ing at the base of the blastodisc throughout the separation process 
and the first two cleavages, though the flat surface of the blastodisc 
disappears quickly. Later the yolk becomes a spherical body until 
the blastula stage when it again flattens, at the base of the blastodisc. 

The next change is due to the hydration of the cell itself, which 
swells and becomes more transparent. This hydration seems to be 
analogous to the hydration observed in most eggs after fertilization. 
At this time, the last polar body is extruded, and the fused pronuclei 
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probably come to a brief pause, as has been observed in other teleosts. 
The egg shows a complete resting stage before the first cleavage and 
the separation of protoplasm from yolk begins. 

There are apparently three stages to the bipolar differentiation in 
the development of the zebra fish egg. At first the bipolar differenti- 
ation is indicated by the situation of the nucleus. The processes of 
fertilization and the following hydration bring abovt the concentration 
of a certain amount of protoplasm around the nucleus and so the 
blastodisc is established. A further concentration of protoplasm in 
the blastodisc eccurs at the beginning of the first mitosis, and the 
process of separation comes to a rest, when the nuclei are completely 
divided and in a resting stage. It begins again with the prophase of 
the succeeding mitoses. This points to a connection between the 
two processes. The connection is to be sought in all probability in 
the physical state of the cell, which is altered during the cell division. 
Spek (1933) tried to determine the cause of bipolar differentiation in 
teleost eggs by means of his ingenious experiments using indicators 
on the living egg. He proved that gravitation is not a possible cause 
for the separation and considered surface tension likewise impossible, 
since the surface tension theory (Spek, 1918) requires a counterstream 
corresponding to the axial stream, and no such counterstream was 
observed. He tries to explain the bipolar differentiation chiefly by 
means of electrical forces, which are exerted between the different 
particles of the colloidal mixture. I do not have any reason to doubt 
this result, but in the Brachydanio egg it seems evident that the 
physical state of the cell, viscosity and surface tension, have also an 
important influence on the separation process. The main argument 
against this loses its value, because a counterstream, which has the 
opposite direction of the axial stream of protoplasm into the blastodisc, 
is actually present. In addition, there is certainly abundant indication 
that there is a change in viscosity and surface tension taking place 
at the time when the separation process begins. The initial change 
in the physical state starts with the hydration of the cell; the later 
ones begin with the cell divisions. 

The changes which the cells undergo during mitosis are obvious 
in the living egg, though no nuclear structures are visible. The 
separation process is always at its climax when a cleavage plane 
first becomes visible in the late anaphase, it decreases rapidly while 
the cells round up, and the cleavage is completed, and it begins again 
very soon, probably with the prophase, when the surface tension of 
the cells seems to be lowered. The phenomenon of the ‘“‘ Mischzone”’ 
is not easy to explain. Whether the great differences in the volume 
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and density of the area underneath the blastodisc are due merely to 
an alteration of the size of the particles in the emulsion with the 
changing rate of movement in the substances, or whether there is an 
actual change in index of refraction of the protoplasm, remains a 
question. In some respects the last conception seems more probable, 
because sections show only insignificant differences in size of the 
particles in the ‘‘Mischzone.’’ Flemming (1891) found that con- 
nective tissue cells are dark in the earlier stages of mitosis and became 
lighter in the late anaphase. The ‘‘Mischzone”’ of B. rerio eggs 
appears darkest just at the anaphase. 

Chambers (1920), in the course of his experimental study of the 
consistency and viscosity of the sea urchin egg, found that the shape 
of the blastomeres, round in some stages, more flattened in others, 
fitted well his conclusions concerning the viscosity changes as obtained 
with the micromanipulator. The changes in the shape of the cells 
of the zebra fish egg are also very striking, as has been described, and 
they are also immediately connected with the general physical state 
of the cells. Definite conclusions, however, as to the viscosity and 
surface tension from the shape of the cells alone would be vague 
without a quantitative investigation. 


SUMMARY 


A detailed description of the early development of the egg of 
B. rerio is presented. The observations are made chiefly on the living 
egg. The measurements are made on a moving picture, taken by 
time accelerator. This proved to be a valuable help in discovering 
facts which could not be detected by simple observations. 

After fertilization the egg as a whole takes up water, but the cell 
itself shrinks. Later the cell itself begins to swell and to take up 
water. 

The bipolar differentiation is first indicated by the position of 
the nucleus and a small amount of protoplasm around it. A con- 


spicuous separation of protoplasm from yolk begins when the cell 


first takes up water and ceases during a complete resting phase before 
the first mitosis. With the beginning of the first mitosis a separation 
process of different nature takes place. This consists in a streaming 
of protoplasm through the yolk towards the blastodisc. In addition, 
a counterstream towards the vegetal pole is clearly visible in the film. 
The changes in the physical state of the cells connected with the 
mitoses are immediately correlated with the rhythmic separation 
process. 
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It is possible to orient the egg at the time of fertilization not only 
with respect to the polar axis but also with respect to the first cleavage 
plane. 

I am deeply indebted to Professor J. W. Wilson, Brown University, 
for having frequently discussed the paper with me and given valuable 
advice regarding its form. 
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THE EFFECT OF ULTRA-VIOLET LIGHT UPON CLEAVAGE 
IN CERTAIN MARINE EGGS 


I. SomME STUDIES ON CLEAVAGE RATE 


H. Y. CHASE! 


(From the Hopkins Marine Station, Stanford University and the Department of Zéology, 
Howard University, Washington, D. C.) 


INTRODUCTION 


Results of studies on the biological effect of radiation are reported 
extensively in the literature. The action of radiations of short wave 
length is reviewed by Packard (1931), and a splendid summary of 
radiation effect on living protoplasm is presented by Heilbrunn and 
Mazia (1936). A widespread therapeutic application of the biological 
action of radiation is discussed by Mayer (1925), Saidman (1925), 
Bach (1927), and Guillaume (1927). In the large body of experimen- 
tation upon the subject, cellular sensitivity has an important rdle in 
the analysis of radiation effect. Frequently this sensitivity has been 
regarded as susceptibility or resistance during cellular activity. It is 
indicated by the alteration of the reaction time of biological processes 
whose end-point is some well-defined morphological change which is 
characteristic of the normal activity of the cell. The first cell division 
in fertilized eggs of certain marine invertebrates is the process which 
has been selected as an experimental criterion by many investigators. 
Packard (1916) showed that cleavage rate in eggs of Arbacia was 
accelerated following exposure to radium emanations. The alteration 
of the rate of cell division (usually a delay in the time of cleavage) by 
X-rays was reported by Richards (1914) for eggs of Planorbis; Langen- 
dorff (1931) for eggs of Psammechinus; Henshaw (1932) for Arbacia; 
Henshaw, Henshaw, and Francis (1933) for eggs of Chextopterus, 
Nereis, and Cumingia; Heilbrunn and Young (1935) for Arbacia; and 
Henshaw and Francis (1936) for Arbacia. A similar effect by ex- 
posure of eggs to ultra-violet light is shown by Lillie and Baskervill 
(1922) for Asterias and Chase (1937) for Urechis. 

The present work details the effect of ultra-violet radiation upon 
the rate of cleavage in eggs of the sand dollar, Dendraster excentricus, 
and the echiuroid worm, Urechis caupo. ‘The experiments are for the 

1 Aided in part by a grant from the Committee on Radiation, National Research 
Council. 
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purpose of determining the sensitivity of marine eggs to radiation 
effect when exposures are made at certain stages in development during 
the period from insemination to first cleavage. 


PROCEDURE AND RESULTS 


The two forms, Dendraster excentricus and Urechis caupo, are 
abundant in the Monterey Bay region of the California Coast. 


TABLE I 


Stages during pre-cleavage development when eggs were irradiated 


Description of stages 


D. excentricus | U. caupo 


Before The process of maturation is| The process of maturation has 
insemination | completed. not begun. 


15 minutes The large sperm aster is seen| The germinal vesicle breaks 
after | and the pronuclei approach each | down, indicating the beginning of 
insemination | other. the process of maturation. 


30 minutes | The first polar body has been ex- 
after | Fusion of the pronuclei. | truded and the formation of the 
insemination | second polar body is taking place. 


45 minutes 
after 
insemination 


The resting nucleus stage; The second polar body has been 
which precedes the mitotic | extruded and the process of matura- 
phases. tion is completed. 


| 
| 





55 minutes | Phasesof mitosis which lead to 
after | first cleavage. 
insemination | 





The resting nucleus stage which 
precedes the mitotic phases. 


60 minutes | 
after 
insemination | 


| 
| 





70 minutes | Phases of mitosis which lead to 
after first cleavage. 
insemination | 


Animals were collected and kept in aquaria supplied with well aerated, 
running sea water. Experiments were arranged so that eggs and 
sperm were obtained from freshly collected specimens. For an experi- 
ment, a quantity of gametes was used which showed high fertilization 
capacity (98 per cent to 100 per cent development of fertilization 
membranes). Eggs were placed in finger bowls containing 250 cc. of 
sea water and dry sperm were kept in covered Syracuse dishes. A 
sample from the supply of eggs was placed in sea water to a depth of 
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2.5 mm. in each of eight thin-walled, flat-bottomed glass dishes and 
exposed to ultra-violet light for durations of 15, 30, 45, 60, 75, 90, 
105, or 120 seconds. The eggs in each dish then were inseminated 
with a standard sperm suspension (a drop of dry sperm from a micro- 
pipette added to 5 cc. of sea water) and allowed to develop in a greater 
volume of water. A larger sample was taken from the supply of eggs, 
inseminated, and allowed to develop. As the eggs reached a certain 
stage in development (see Table I), they were placed in each of eight 
dishes as in the previous case and given a duration of exposure. The 
irradiated eggs then were allowed to continue to develop in a larger 
volume of water. A batch of eggs which served as the control was 
taken from the general supply of eggs and inseminated simultaneously 
with each sample of eggs which was given the treatment with the 
ultra-violet light. The time of insemination in controls and rayed 
eggs was recorded. 

Caution was observed in handling eggs and their contamination 
was guarded against so as to insure that premature development did 


not occur. Experimental procedure was standardized so as to mini- 
mize the possibility of aberrant results. The gametes, from the time 
of their removal from the animals to the end of an experiment, were 
kept at a regulated temperature of approximately 20° C. Before 
exposures the ultra-violet lamp was allowed to burn 10 minutes and 


traces of ozone were removed. During exposures dishes of eggs were 
placed at a distance of 30 cm. from the source of the light and the eggs 
were exposed to the full spectrum of the mercury arc. Radiations 
were made with an Analytic Model Quartz Lamp, Hanovia, which 
operated on a 110 volt circuit—alternating current—60 cycles—five 
amperes. Approximations of the intensity of the output of ultra- 
violet radiation at the distance were made frequently during the 
experiments and the variation detected was negligible. 

The first three cleavages of controls and irradiated eggs were ob- 
served and the time of each was recorded at the moment when the 
reacting half of 10 eggs had begun to divide. Ten recordings were 
made for each sample of eggs, both rayed and controls, in order to 
obtain the time of the cleavage of the reacting half of 100 eggs for each. 
These observations were repeated nine times during the course of an 
experiment. Twelve experiments were run for each species so that 
the data are based upon the reacting half of 12,000 eggs at each ex- 
posure. Since the experimental criterion was the time of 50 per cent 
cleavage no data were included for eggs which showed a lower per- 
centage. In all cases measurements on irradiated eggs were rejected 
when the controls failed to show 98 to 100 per cent first cleavage. 
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Measurements of the actual time from insemination to a particular 
cleavage are given for eggs of Dendraster and Urechis respectively, in 
Tables II and III. It is revealed clearly that the time-lapse from 
insemination to first cleavage in eggs of both species increases with 
increase in length of exposure, followed by a similar effect on the rate 
of the subsequent two-cell divisions. Delay in segmentation time 
occurs regardless of the stage in development when eggs were rayed, 
being greater at longer exposures for certain stages than for others. 
The exception is to be found when eggs of the sand dollar were rayed 
just before first cleavage 


TABLE II 


Average time-lapse (minutes) from insemination to the first three cleavages in 
eggs of Dendraster excentricus exposed to ultra-violet light for varying durations at a 
distance of 30 cm. Each value is the average time-lapse from insemination to the 
particular cleavage for the reacting half of 12,000 eggs. In the controls the average 
time-lapse from insemination was 58.2 minutes for first cleavage, 87.8 minutes for 
second Gia, and 117.4 minutes for third cleav ml 
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The time-lapse measurements for irradiated eggs were compared 
with similar measurements for controls and the relation between the 
measurements is presented as the per cent increase in time-lapse 
(delay in cleavage time). Graphs of the percentage increase in the 
time-lapse for cleavage in rayed eggs which reveal the differences in 
the extent of radiation effect during the various stages in development 
are shown in Figs. 1 and 2. 

In the text figures abscissa show durations of exposure and ordi- 
nates indicate cell division rate as the percentage increase in time-lapse 
from insemination to cleavage. The groups of curves, Fig. 1A and 
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Fig. 2A, show the sensitivity of the eggs to ultra-violet radiation when 
exposures were made at certain stages in development before initial 
segmentation. The groups of curves, Fig. 1, B and C, and Fig. 2, 
B and C, show the extent to which radiation treatment of the eggs 
before first cleavage affects the rate of subsequent cell divisions. 


DISCUSSION 


The interpretation of results on the effects of radiant energy upon 
living cells is based upon factors which are chiefly of a biological or a 
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Fic. 1. Curves showing the rate of cleavage in eggs of Dendraster excentricus 
exposed to ultra-violet light at different stages in development. First, second, and 
third cleavage (A, B, and C). 
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physico-chemical nature. The significance of the biological aspect of 
the problem is emphasized by Failla (1924). A factor of importance 
from this point of view is the fundamental difference in cellular activity, 
especially in animal ova, during early stages in development. 

Since frequent use is made of the rate of first cleavage in dividing 
eggs as an indicator of radiation effect, it is essential to know the rela- 
tion between response to exposure and the characteristics of early 
(pre-cleavage) development. A greater variation occurs in the 
sequence of events which leads to the initial segmentation of the fer- 
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tilized egg than is found during the period which precedes any sub- 
sequent cleavage in the same egg or during inter-division phases of 
other dividing cells. Eggs fall in categories with respect to the bio- 
logical processes which follow insemination and lead to first cleavage, 
Lillie and Just (1924) and Wilson (1925). The eggs of Dendraster 
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Fic. 2. Curves showing the rate of cleavage in eggs of Urechts caupo exposed to 
ultra-violet light at different stagesin development. First, second, and third cleavage 
(A, B, and C). 


excentricus and Urechis caupo are so widely separated with regard to 
internal phenomena during the period of pre-cleavage development 
that a consideration of the results which have been presented is of 
interest because of its bearing upon the study of cellular sensitivity to 
radiation. It is probable that variations in developmental processes, 
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and the underlying complex of reactions, may be factors in the analysis 
of radiation effect when the rate of first cleavage in egg cells is the 
criterion of experimentation. 

Comparison of the data in Tables II and III, and of the groups of 
curves in Fig. 1 with the curves in Fig. 2, reveals a marked difference 
in the response of egg cells to irradiation during the stages of pre- 
cleavage development which precede the first cell division. Suscepti- 
bility of the eggs to radiation effect (maximum delay in cleavage time) 
occurs during the period from insemination to the resting nuclear stage. 
During the mitotic phases which lead to initial segmentation, eggs of the 
two species are resistant (minimum delay in cleavage time) to the 
effect of ultra-violet rays. Since results from X-ray studies show a 
greater effect of exposure during certain mitotic phases,—Richards 
(1914) for Planorbis, found X-rays most effective during the metaphase, 
—a matter of interest is the fact that no marked susceptibility to ultra- 
violet radiation was exhibited by eggs of Dendraster and Urechis during 
the various phases of the mitotic cycle. 

The results cited give evidence of a differential response of fertilized 
eggs to irradiation which may be correlated with processes involved in 
pre-cleavage development. Suppression of maturation in certain eggs 
following exposure to ultra-violet light, Just (1933) for eggs of Nereis 
limbata and Chase (1937) for eggs of Urechis caupo, may be a factor in 
the delay of cleavage in irradiated eggs. Some other factor exists for 
eggs of Dendraster, since the maturation process is not a part of pre- 
cleavage development. A reasonable probability is the metabolic 
process which parallels cellular activity during pre-cleavage develop- 
ment. Whitaker (1931) reported a decline in the rate of oxygen con- 
sumption during the first 40 minutes after fertilization for eggs of 
Nereis limbata while eggs of sea urchins show an increased rate of 
metabolism during the first hour after fertilization (see comparisons 
by Whitaker, 1933). In view of the similarity of earliest development 
in eggs of Nereis and Urechis and in eggs of sea urchins and Dendraster, 
it is possible that approximately equivalent rates of metabolism are 
concomitant with developmental processes which are suppressed or 
inhibited by ultra-violet radiation. Alteration of metabolic rate con- 
ceivably may cause acceleration or retardation of phases of cellular 
activity which underlie cell division, and thus affect segmentation 
tempo. 

Another agency which may affect the rate of cell division in develop- 
ing eggs is the change in the consistency of egg protoplasm following 
exposure to radiation. During the experiments eggs of both species 
were overexposed (rayed for durations of four to seven minutes) at 
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different stages in development. When the eggs were observed about 
20 minutes after irradiation a very definite flowing of the endoplasm 
was seen. Streaming of the inner protoplasm of the eggs was not 
observed for any of the durations of exposure which are reported in the 
data, but it is possible that an unobservable change in viscosity may 
have followed some of the longer irradiations. Measurements of the 
changes in the viscosity of Arbacia egg protoplasm following exposure 
to ultra-violet light are presented by Heilbrunn and Young (1930). 
According to the changes in the viscosity of egg protoplasm it is reason- 
able to assume that reactions may be affected which influence the rate 
of cleavage. 

The delay in segmentation time of the second and the third cleav- 
ages (see Fig. 1, B and C, and Fig. 2, B and C) occurs as a result of the 
irradiation of the egg during periods of development before first 
cleavage. Two explanations of the effect are: (a) initial injury of the 
egg caused by the pre-cleavage exposures; (b) a latent effect of radiation 
which varies in extent for each of the two cell divisions with respect 
to the stage in development when exposures are made. In both cases 
failure of recovery from the effect of radiation is indicated, and the 
effect upon the rate of cleavage is apparently a function of the duration 
of exposure. The theory that the eggs are injured in some way is the 
more tenable, although there is a strong evidence of a latent effect of 
radiation, especially in eggs of Dendraster excentricus, which were rayed 
just before the first cleavage. 

There is need of further studies on the effect of radiation upon 
developing eggs which, from a purely biological point of view, may 
serve for more adequate analysis of radiation effects upon living cells. 
Work is now in progress on the percentage of cleavage in developing 
eggs as an indicator of susceptibility or resistance to irradiation. 


SUMMARY AND CONCLUSIONS 


1. The effect of ultra-violet light upon the rate of the first three cell 
divisions in eggs of Dendraster excentricus and Urechis caupo is an 
increase in segmentation tempo which is apparently a function of 
duration of exposure. This delay in cleavage time occurs regardless 
of the period in development from insemination to first cleavage when 
exposures are made. 

2. The sensitivity of fertilized eggs to radiation effect is dependent 
upon the stage in pre-cleavage development when exposures are made. 
Since developmental processes vary for eggs of different species, during 
the period from insemination to first cleavage, differences in the degree 
of sensitivity may be expected. 
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3. Evidence for a differential response of fertilized eggs to irradi- 
ation is presented which may be correlated with radiation effect upon 
a process of pre-cleavage development, or upon underlying reactions 
which are concomitant with phases of cellular activity which lead to 
cell division. 

4. The viability of fertilized eggs of the two species varies over the 
range of exposures, longer durations preventing cleavage in eggs of 
Urechis. In view of this fact, adequate measurements of segmentation 
rate may not be recorded at all exposures to ultra-violet light. 

5. The analysis of radiation effect upon living cells, from a purely 
biological point of view, should be based upon conclusive data which 
take into consideration the vast differences in cellular activity during 
pre-cleavage and inter-division stages. In this connection, it is sug- 
gested that a more appropriate criterion for cellular sensitivity to radi- 
ation effect may be the determination of the percentage of cleavage 
(survival) in egg cells of the sand dollar-sea urchin type of develop- 
mental activity. 

The writer wishes to express his gratitude to Dr. W. K. Fisher and 
the staff of Hopkins Marine Station for their many courtesies and 
assistance. He is also indebted to Professor Frank Coleman, Depart- 
ment of Physics, Howard University for technical advice and assistance. 
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THE MORPHOLOGY AND LIFE CYCLE OF THE 
TREMATODE HIMASTHLA QUISSETENSIS 
(MILLER AND NORTHUP, i926) 


HORACE W. STUNKARD 


(From the Marine Biological Laboratory, Woods Hole, Mass. and the 
Biological Laboratory, New York University) 


The trematodes of the family Echinostomatidez comprise a large 
number of genera which infest the alimentary tract of birds and 
mammals. The family and several genera were characterized by 
Dietz (1910). In a preliminary paper, Dietz (1909) had erected the 
genus Himasthla, with H. rhigedana as the type species, and in it he 
included H. alincia Dietz, H. leptosoma (Creplin), H. militaris (Ru- 
dolphi), H. elongata (Mehlis), and H. secunda (Nicoll). Linton (1928) 
described specimens which he identified as H. elongata (Mehlis), and 
others which he named H. incisa new species. A new human parasite, 
H. muehlensi, was described by Vogel (1933), who included a tabular 
description of all known species of Himasthla. Palombi (1934) de- 
scribed the metacercaria of a new species, H. ambigua, from the gills 
of Tapes decussatus. 

The first complete life history of an echinostome to be recorded was 
that of Echinostoma revelutum by Johnson (1920). Subsequent life 
cycles, demonstrated experimentally, include that of Hypoderezum 
conoideum (Bloch) by Mathias (1925), of Echinoparyphium recurvatum 
(von Linstow) by Mathias (1927), of Echinoparyphium aconiatum 
Dietz by Riech (1927), of Euparyphium murinum Tubangui by 
Tubangui (1932), of Euparyphium ilocanum (Garrison) by Tubangui 
and Pasco (1933), of Euparyphium malayanum by Rao (1933), of 
Echinoparyphium recurvatum by Ra&Sin (1933), of Nephrostomum ra- 
mosum by Azim (1934), of Echinostoma coalitum by Krull (1935), and 
of Echinostoma revolutum by Beaver (1937). The monograph of 
Beaver contains a review and analysis of the earlier papers. He noted 
certain discrepancies in the account of Johnson (1920) and suggested 
that the observations were made on material of more than one species. 
Indeed, the older descriptions are so incomplete and so inaccurate that 
it is exceedingly difficult to determine how many times one species has 
been redescribed or how many species have been confused. This con- 
dition is particularly prominent and perplexing when both adult and 
larval stages are considered together. Referring to descriptions of a 
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group of eleven species of echinostome cercariz, Beaver, p. 17, stated, 
‘While it is not certain that they all are identical, it is certain that 
they can not be distinguished from each other.’”’ He pointed out that 
Echinostoma revolutum is cosmopolitan in geographic distribution and 
has little specificity in any of its parasitic stages. Using biometric 
methods on specimens reared under known, controlled conditions, he 
measured the normal variation in this species, noting especially the 
modifications induced in genetically similar material as a result of 
development in different avian and mammalian hosts. In the light 
of the more complete and precise knowledge concerning E. revolutum, 
Beaver made a critical examination of the descriptions of related 
species. Eight of them were reduced to synonymy and eight others 
were listed as of doubtful standing. 

Other important contributions to the life history of these parasites 
include those of Ciurea (1920) and the reports of several Japanese in- 
vestigators whose accounts, published in Japanese, are unfortunately 
not readily available. In the life cycles described, the cercaria have 
been found to encyst in various mollusks, fishes and tadpoles. 

Although the life history has not been completely demonstrated 
previously for any other species of Himasthla, there have been certain 
important and valuable contributions. Villot (1879) redescribed H. 
leptosoma (Creplin) and identified an encysted metacercaria from 
Scrobicularia tenuis as a stage in the life cycle of the worm. He traced 
the successive stages of development from the encysted metacercaria 
to the mature adult in the intestine of Tringa variabilis. Nicoll (1906a, 
1906b) showed the close morphological agreement between an echino- 
stome metacercaria, which he found encysted in Cardium edule, Mytilus 
edulis and Mactra stultorum, and an adult which he described as 
Echinostomum secundum. Lebour (1908) confirmed the account of 
Nicoll and reported an echinostome cercaria with twenty-nine cephalic 
spines which she believed to be the larva of E. secundum. Experi- 
mental infection under controlled conditions was not secured. 

The life cycle of an echinostome cercaria which occurs in Nassa 
obsoleta at Woods Hole, Massachusetts, has been experimentally 
traced and a preliminary note was published, Stunkard (1934a). A 
more extended account was presented (Stunkard, 1937). There is 
adequate evidence that the cercaria is identical with the one described 
by Miller and Northup (1926) as Cercaria quissetensis and the adult 
is specifically identical with certain of the worms identified by Linton 
(1928) as Himasthla elongata. Since the sexually mature specimens 
are specifically distinct from H. elongata, the new combination Hi- 
masthla quissetensis was adopted. 
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To be convincing, life history studies must be carried on under 
well controlled conditions. The hosts used for experimental infections 
must be free from a previous infection which could be confused with 
the experimental one, or the course of development of the parasite 
must be followed at such short intervals that the organism can be 
identified at every stage. In the present study, the gulls and terns 
used as final hosts were removed from the nesting grounds as soon as 
they were hatched and, since they had never been fed by their parents, 
were known to be free from infection. They were fed on fish which 
contained no trematode larve, so the experimental infection was not 
complicated. Rats used in the experiments were laboratory raised 
and harbored no trematode parasites. The cercarize of H. quissetensis 
were observed to penetrate into the gills and other organs of mollusks 
and encyst there. These encysted metacercariz were fed to rats, terns 
and gulls, all of which were known to be free of trematode infection. 
The metacercariz are infective for the final host soon after encystment 
and undergo little development in their cysts. It appears, therefore, 
that the cyst serves as a protective device to carry the larva through 
the acid digestion of the stomach, and that the metacercaria emerges 
in the small intestine of the bird or mammal. Successive stages of 
development were recovered from the intestine of experimentally in- 
fected birds. 


THE SEXUAL STAGE IN THE LIFE CYCLE 
The Adult 


About two hundred worms (Fig. 8) were recovered from the in- 
testine of a herring gull, Larus argentatus, thirty-one days after the 
ingestion of experimentally infected mollusks. The shape of the body 
is portrayed in the figure. It is capable of much elongation and con- 
traction and the appearance of the worms and their internal organs is 
modified accordingly. All of the specimens contain eggs and although 
the terminal portion of the uterus is usually empty, many eggs were 
being passed in the feces of the bird. It is possible that the region of 
the body immediately behind the cirrus sac would have been slightly 
wider if the worms had been older or more completely matured. When 
alive and greatly extended the sides are smooth but in all well-fixed 
specimens the contraction of circular and longitudinal muscles gives 
the edges of the body a crenated or ringed appearance. Fixed and 
stained specimens measure from 5 to 10.2 mm. in length and 0.5 to 
0.75 mm. in greatest width. The anterior end bears a reniform collar, 
interrupted ventrally, and at this level the body measures about 0.3 
mm. in diameter. On the collar there are thirty-one cephalic spines, 
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arranged in a single row except for the lateral corners where two spines 
are situated between and behind the others. The spines measure 
from 0.045 to 0.058 mm. in length and 0.014 to 0.020 mm. in width. 
The corner spines are only slightly shorter than those in the row. The 
size and arrangement of the cephalic spines agree with the description 
and figure of these structures on the worms identified as H. elongata 
by Linton (1928). In the preacetabular region the cuticula is beset 
with flattened, scalelike spines which are largest near the anterior end 
and become progressively smaller posteriorly. The acetabulum 
measures 0.2 to 0.4 mm. in diameter and it is situated about the same 
distance behind the oral sucker. In a specimen 7.8 mm. long, the 
acetabulum is 0.36 mm. in diameter. 

Digestive System.—The oral sucker is subterminal, spherical to 
ovoid in shape, and measures from 0.07 to 0.125 mm. in length by 0.1 
to 0.135 mm. in width. The prepharynx is short and the pharynx 
measures from 0.1 to 0.13 mm. in length by 0.06 to 0.09 mm. in width. 
The esophagus extends to the level of the anterior margin of the 
acetabulum and the ceca to the posterior region of the body. 

Male Genital System.—The testes are elongate, faintly lobed struc- 
tures, situated in the caudal third of the body. The anterior testis 
measures 0.5 to 1 mm. in length and 0.25 to 0.33 mm. in width. The 
posterior testis is usually somewhat longer and measures from 0.7 to 
1.1 mm. in length and 0.2 to 0.26 mm. in width. The testes are close 
together in small or contracted specimens but in larger or extended 
ones they are separated by a distinct interval. The sperm ducts are 
very small and could not be observed in whole mounts. They were 
traced in one series of sections. A vas deferens arises from the an- 
terior, ventral surface of each testis and passes forward, median and 
ventral to the cecum, the duct from the anterior testis on the left and 
that from the posterior testis on the right side of the body. Both 
open into the caudal end of the cirrus sac where they discharge into a 
large, coiled, seminal vesicle which occupies the posterior third to half 
of the cirrussac. The cirrus sac is long and the postacetabular portion 
winds about on the dorsal side of the body. Its extent is indicated in 
the figure but measurements of length in an organ of this shape are not 
significant. The cirrus is armed with small recurved spines. The 
genital pore is median, at the anterior border of the acetabulum. 

Female Genital System.—The ovary is spherical to oval, usually 
broader than long, 0.1 to 0.22 mm. in diameter. It is situated near 
the median line, a short distance in front of the cephalic testis. The 
oviduct arises at the caudal end and passes backward to the oétype 
which is surrounded by the cells of Mehlis’ gland. From the oédtype, 





LIFE CYCLE HIMASTHLA QUISSETENSIS 149 


Laurer’s canal proceeds in a sinuous course to the dorsal surface. The 
vitellaria are lateral to the intestinal ceca and extend from a level 
slightly in front of the caudal end of the cirrus sac to the posterior end 
of the body. In the fields on either side of the testes, ordinarily there 
are no vitelline follicles and a duct connects the separated portions of 
the glands. In one specimen a few small follicles were present on one 
side of the posterior testis. There is a cluster of follicles on either 
side at the level between the testes. Immediately in front of the 
cephalic testis, ducts arise from the ventral sides of the vitellaria and 
increase in size as they pass dorsally and medially where they unite to 
form a short common duct which discharges into the oétype. There 
is no seminal receptacle, but the initial portion of the uterus is filled 
with spermatozoa. The uterus extends in a sinuous course, backward 
to the level of the cephalic testis and then forward to the metraterm 
which lies below the caudal end of the cirrus sac. Both metraterm 
and cirrus sac pass on the dorsal side of the acetabulum. The eggs 
are large, oval, operculate, thin-shelled, and measure from 0.1 to 0.125 
mm. in length by 0.06 to 0.08 mm. in width. They do not develop 
in the worm and those in the terminal part of the uterus contained 
only a fertilized ovum and masses of vitelline cells. Indeed, the ter- 
minal half of the uterus contains very few eggs, and it appears that 
they are passed rapidly through this portion of the organ. 


THE ASEXUAL STAGES 


The cercariz develop in rediz which occupy the interlobular lymph 
spaces in the digestive gland of Nassa obsoleta. Experimental infection 
of the snail was not secured as the work was done during the summer 
at the Marine Biological Laboratory, Woods Hole, Massachusetts, and 
development of the eggs was so slow that hatching was not obtained 
before the end of the season. Johnson (1920) and Beaver (1937) 
reported that eggs of Echinostoma revolutum hatch in three to four 
weeks after they are passed in the feces. In Euparyphium ilocanum, 
according to Tubangui and Pasco’ (1933), the eggs require from two to 
five or six weeks to complete their development. Rain (1933) found 
that eggs of Echinoparyphium recurvatum require two weeks at 25° and 
three weeks at 20° for the development of the miracidium. In all 
echinostome species in which development has been studied, the eggs 
contain unsegmented ova when they are passed. From two to five 
weeks, depending on the temperature, are required for development of 
the miracidium which then emerges from the shell and penetrates into 
the snail which serves as the first intermediate host. The development 
of all members of the family Echinostomatidz undoubtedly follows the 
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same general plan and accordingly it is probable that the miracidia of 
H. quissetensis complete their development in the eggs, emerge and 
penetrate into Nassa obsoleta. For E. revolutum, Johnson (1920) 
postulated that the mother rediz were derived by metamorphosis from 
miracidia. Later studies on other echinostomes, however, indicate 
that in this family as in other digenetic trematodes, the miracidium 
metamorphoses into a sporocyst and the next generation is produced 
in the sporocyst. It is, of course, possible that there may be only a 
single redia in the sporocyst as reported by Linton (1914) for Parorchis 
avitus and by Stunkard (19346) for Typhlocelum cymbium. In the 
latter cases, however, the mother redia is well developed in the mira- 
cidium. 

In natural infections of Nassa obsoleta, the interlobular lymph spaces 
in the digestive gland are filled with developing rediz and cercariz. 
Often the gland is much atrophied and the parasites are present in 
enormous numbers. In a heavy infection there may be thousands of 
large rediz, filled with developing cercaria. In addition there may be 
hundreds of small rediz, often not more than one-half the size of a 
mature cercaria, free in the tissues of the snail. Their number is too 
large to believe that they have been formed in’a primary sporocyst 
and, since they are of different sizes, they must have been produced 
more or less continuously. Thousands of rediz have been taken from 
crushed snails and dissected under a binocular microscope but none 
was ever found in which young rediz could be positively identified. 
It is impossible to determine whether the germinal masses in a redia 
are developing rediz or cercariz, and in all cases where development 
had proceeded to such a stage that positive identification could be 
made, the larve were cercariz. The relative numbers of rediz of 
different sizes indicated strongly the existence of two generations of 
rediz but dissections gave no certain evidence of mother rediz. 

In order to discover the source of the small rediz, a well-infected 
snail was cut in serial sections. Large numbers of small rediz were 
found in the tissues and others were found (Fig. 1) within the body of 
mother rediz. The identification is unmistakable. The pharynx of 
a redia can be distinguished from the oral sucker of a cercaria by the 
number and arrangement of the nuclei. The feet of the daughter redia 
are clearly visible, and there is no oral sucker or acetabulum. An 
intestine is present, although empty and collapsed. Behind the in- 
testine there is a cleft which contains germinal cells and small germ 
balls, young stages of the next or cercarial generation. In addition to 
a daughter redia, each mother redia contained from six to sixteen other 
germinal masses but they were undifferentiated and their appearance 
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gave no indication concerning their nature. It would be impossible 
to determine whether they were young rediz or cercariz if it were not 
for the presence of the daughter redia in the same mother redia. This 
discovery explains the difficulty concerning the source of the smal] 
rediz in the tissues. The daughter rediez are produced singly and 
emerge from their parental generation at a relatively early stage, before 
they can be distinguished readily and with certainty from developing 
cercarie. There is no evidence to suggest that both rediz and cer- 
cariz are produced in the same redia. 


The Redial Generations 


In early stages mother and daughter rediz do not differ essentially 
from each other in size, shape, or general appearance. The two 
generations can be distinguished only by their progeny and by the 
changes which the development of the filial generation produces in 
them. The mother redia produce daughter rediz which mature singly, 
whereas the daughter rediz produce cercariz which mature in numbers, 
and when filled with cercarie the daughter redia is much distended. 
Mature mother rediz (Fig. 1) in the tissue of the snail measure from 
0.5 to 0.7 mm. in length and 0.14 to 0.2 mm. in width. The pharynx 
measures 0.05 to 0.06 mm. in diameter. 

The smallest daughter redia which was sufficiently developed to be 
recognized is the one found in a mother redia (Fig. 1). It measures 
0.13 mm. in length and 0.056 mm. in width. The pharynx is 0.033 
mm. in diameter. There are both anterior and posterior locomotor 
appendages or ‘‘feet.’’ Older daughter rediw (Fig. 2), which have 
emerged from their parental generations and are actively migrating 
in the tissues of the snail, measure from 0.2 to 0.3 mm. in length and 
0.1 to 0.14 mm. in width. At this stage the pharynx measures approxi- 
mately 0.04 mm. in diameter, the intestine is filled with food material 
and extends to the level of the posterior locomotor appendages. 
Around the posterior part of the intestine there is a body cavity which 
contains germinal cells. As the rediz mature, the body wall becomes 
filled with orange pigment, the intestine and anterior locomotor ap- 
pendages remain small, while the caudal region of the body and pos- 
terior locomotor appendages increase in size. The body cavity en- 
larges, becomes filled with cercariz in various stages of development 
(Fig. 3), and the birth pore becomes functional. The redia is motile 
and the body may assume different shapes. It may contract to a 
short, cylindrical form in which the posterior locomotor appendages 
are hardly visible, or it may extend to a long vermiform shape in which 
the caudal end and posterior locomotor appendages form a tripodal 
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support for the forward protrusion of the body. The anterior end is 
especially mobile. In front of the pharynx there is an active oral 
funnel or collar. It may form a small protuberance, about one-half 
as wide as the rest of the body, which disappears on retraction. 
Mature daughter rediz (Fig. 3) measure from 0.8 to 1.6 mm. in length 
and from 0.1 to 0.25 mm. in width. The pharynx is 0.05 to 0.065 mm. 
in diameter. 


The Cercaria 


During the past seven seasons over ten thousand specimens of 
Nassa obsoleta have been examined for larval trematodes. They were 
isolated for forty-eight hours to find the specimens from which cercariz 
were emerging. About 1 per cent of the snails was infected with 
Cercaria quissetensis although cercariz emerged spontaneously from 


only about one-half of these specimens. The other infections were dis- 
covered on crushing and examining the snails. Four snails were in- 
fected with both C. quissetensis and C. lintonz. 

After emergence from the snail the cercaria of Himasthla quissetensts 
swims actively for six to twelve hours. In swimming, the body is bent 
ventrally until it is almost spherical; the tail is extended and lashes 
vigorously. The swimming movement causes the cercariz to rise in 
the water and during the period of active swimming they are uniformly 
distributed throughout a large container. Occasionally, for a few 
seconds the tail may cease to beat while the larva elongates and mani- 
fests a serpentine movement. When the tail is quiet, the larva slowly 
sinks. After six to ten hours, the larve do not rise high in the water 





Abbreviations 


ac acetabulum os oral sucker 

al anterior locomotor appendage ov ovary 

cd excretory collecting duct ph pharynx 

cs cirrus sac pl posterior locomotor appendage 
dr daughter redia ts testis 

gm germinal mass ut uterus 

in intestine vt vitellaria 


Fic. 1. Section of mother redia, showing daughter redia and germinal masses 
The daughter redia is 0.13 mm. long. 

Fic. 2. Daughter redia after emergence from mother redia; drawn from a living 
specimen. Daughter redia is 0.2 mm. long. 

Fic. 3. Mature daughter redia filled withcercariz; drawn froma living specimen 

Fic. 4. Cercaria; drawn from a fixed and stained specimen. 

Fic. 5. Metacercaria; drawn from a living specimen. 
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and either swim near the bottom or creep by use of the suckers. When 
creeping, the tail is quiet. A report on the behavior of the cercariz in 
normal and dilute sea water was made by Stunkard and Shaw (1931). 
After twenty-four hours in sea water there is a tendency for the cer- 
cariz to encyst. If they do not encyst, they die in about thirty-six 
hours. 

Fully developed, naturally emerged cercaria (Fig. 4) are elongate 
oval in outline. When extended the body is very narrow and when 
contracted the anterior end is much widened. The body measures 
from 0.28 to 0.65 mm. in length and 0.06 to 0.15 mm. in width. When 
the larva is extended, the oral sucker is protruded, and when retracted, 
the anterior end of the body is flattened. On the anterior portion of 
the body and on the tail there are small papilla, each of which bears 
a delicate, bristle-like process. The base of the tail is slightly sub- 
terminal and may be either wide or narrower than the posterior tip of 
the body. Contracted, the tail measures about 0.17 mm. in length 
and 0.048 mm. in width at the base. It is almost round in cross-section 
and gradually tapers to the tip. In swimming, the tail extends two to 
three times its length when contracted and lashes so violently that 
when the body is attached firmly, it may tear itself loose. The an- 
terior end of the body is thickened to form a collar which bears the 
heavy spines characteristic of the species. The spines can be seen 
only under favorable optical conditions and it is very difficult to count 
them. The acetabulum is situated behind the middle of the body and 
measures from 0.07 to 0.085 mm. in diameter. Under slight pressure 
it may be as large as 0.084 to 0.091 mm. in diameter. 

The digestive system may be demonstrated clearly by the use of 
neutral red. The oral sucker is 0.04 to 0.045 mm. in diameter. The 
pharynx is spherical to oval, about 0.018 mm. in diameter, situated 
approximately the same distance behind the oral sucker. The eso- 
phagus extends almost to the level of the acetabulum and the ceca 
terminate near the posterior end of the body. 

Unicellular glands are abundant throughout the body. In the 
region between the suckers there are many penetration glands with 
granular cytoplasm. They are lobed and their number could not be 


Fic. 6. Immature worm, 3 days in tern; drawn from fixed and stained specimen. 

Fic. 7. Immature worm, 12 days in gull; drawn from fixed and stained speci- 
men. 

Fic. 8. Adult worm from the intestine of Larus argentatus, thirty-one days 
after cyst was fed; drawn from a fixed and stained specimen. 
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determined. They do not stain differentially with neutral red. 
Ducts pass forward on the dorsal side of the body to open at the an- 
terior tip. Much of the body surface on the dorsal side is underlaid 
with cystogenous glands, in which the secretion occurs in the form 
of bacilliform rods. Ventrally there are glands which stain intensely 
with eosin and erythrosin. 

The genital anlage consists of a cluster of deeply-staining cells near 
the caudal end of the body and a row of cells which extends forward to 
a second cluster near the anterior margin of the acetabulum. The 
posterior group is the rudiment of the gonads and the anterior one of 
the copulatory organs. 

The excretory system is difficult to trace, because in mature cer- 
cariz the body is so filled with glandular cells, and in immature ones 
the tissues are so fragile that they will not stand the amount of pressure 
necessary to demonstrate the tubules and flame cells. There are two 
excretory pores, one on either side, near the proximal end of the tail. 
The ducts from the pores unite in the base of the tail and open into a 
small vesicular bladder in the caudal end of the body. From the 
bladder, collecting ducts pass forward on each side. These ducts are 
median to the ceca. They bend mediad in front of the acetabulum 
and then cross, ventral to the intestinal ceca, to the lateral sides of the 
body where they continue anteriad to the level of the oral sucker. 
The collecting ducts contain concretions; those near the ends of the 
ducts are small, 0.001 to 0.002 mm. in diameter, while those in the 
region between the suckers are large and measure about 0.005 by 0.009 
mm. Near the anterior end of the body the collecting ducts become 
continuous with the recurrent excretory tubules which pass backward 
almost to the posterior end of the body. At their caudal ends the 
recurrent tubules divide to form the secondary and tertiary tubules 
which lead to the flame cells. The exact arrangement of these tubules 
and number of flame cells were not determined. 


The Metacercaria 

Occasionally a cercaria which has been swimming for several hours 
may encyst in a container or onaslide. Encystment may occur in the 
presence of irritating substances, e.g., vital stains, which were used to 
study the penetration and cystogenous glands. Since the cercarize 
do not ordinarily encyst in sea water, they were placed in dishes with 
various animals to discover the intermediate host or hosts in which 
they pass the next stage of their existence. A cercaria was observed to 
penetrate into the gill of Mya arenaria. It required about forty 
minutes toenter andencyst. In the process of penetration and encyst- 
ment, the glands of the cercaria are emptied and a thin-walled cyst is 
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formed. A specimen of M. arenaria was placed in a dish with many 
swimming cercarie. On dissection of the mollusk four hours later, 
five cercariz had lost their tails and were penetrating, one was found 
in the process of encysting, and twelve metacercarize were recovered. 
Penetration and encystment was obtained in the mantle, gills, and 
foot of Mya arenaria, Modiolus modiolus, Mytilus edulis, Cumingia tel- 
linoides, Pecten irradians, Ensis directus, and Crepidula fornicata. 
Cysts containing metacercarie (Fig. 5) are spherical to oval, depending 
on relative pressure at the place of encystment, and measure from 0.14 
to 0.19 mm. in diameter. 


Development in the Final Host 


Experimentally infected specimens of M. arenaria were fed to two 
white rats, three terns, Sterna hirundo, and five herring gulls, Larus 
argentatus. The rats did not pass eggs in the feces and both were 
negative when dissected three and eight weeks, respectively, after 
feeding. It appears, therefore, that the rat is not a suitable host for 
the development of the worms. The terns were killed, one day, three 
days, and twenty days after feeding. The metacercariz excysted in 
the intestine of the terns and young worms were recovered from the 
first two birds examined. The third tern did not pass eggs in the 
feces and was negative when dissected twenty days after feeding. The 
gulls were killed, two, three, twelve, thirty-one, and forty-five days 
after feeding. Large numbers of worms in different stages of develop- 
ment were recovered from the first three gulls, about two hundred 
gravid worms were found in the fourth gull, and a single worm was 
present in the intestine of the last one dissected. A young worm 
removed after one day in the tern measured 0.6 mm. long and 0.154 
mm. wide. The spines on the collar were 0.025 mm. in length; the 
acetabulum measured 0.1 mm. in diameter. The oral sucker was 
0.056 mm. in diameter and the pharynx 0.04 mm. long by 0.028 mm. 
wide. A specimen (Fig. 6), recovered after three days’ development 
in the gull, measured 0.74 mm. in length and 0.23 mm. in width. The 
collar spines measured 0.0294 mm. in length and 0.0077 mm. in width 
at the base; the acetabulum measured 0.14 mm. in diameter. The 
oral sucker was 0.06 mm. in diameter and the pharynx 0.04 mm. long 
by 0.035 mm. wide. Specimens (Fig. 7), recovered twelve days after 
they were fed to the gull, measure from 3 to4mm.in length. Although 
they are only about one-half grown, most of them contain eggs in the 
uterus. These studies have shown that the metacercarie do not un- 
dergo development in the cyst and that the mollusk is actually little 
more than a transfer host. The metacercarize were infective for birds 
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three days after encystment and developed to maturity only in the 
intestine of Larus argentatus. 


DISCUSSION 

Miller and Northup (1926) examined 8,875 specimens of Nassa ob- 
soleta from Quamquisset Harbor and found only a single species of 
echinostome cercaria which they described and named Cercaria quis- 
setensis. In the present study over 10,000 specimens of N. obsoleta 
have been examined. All came from the Woods Hole region and about 
1,000 of them from the same harbor where Miller and Northup ob- 
tained their material. A single species of echinostome cercaria was 
found which is so similar to that described by Miller and Northup 
that the two must be regarded as identical. The measurements agree 
closely and the differences between the descriptions are readily ex- 
plainable. Miller and Northup reported only 27 cephalic spines. In 
the present study the exact number, 31, was first counted in the 
metacercaria and later confirmed in the cercaria. 

In the preliminary papers (Stunkard 1934a, 1937), the adult worms 
recovered from the herring gull were regarded as specifically identical 
with those described by Linton (1928) from four species of Larus and 
from Nycticorax nycticorax and identified by him as Himasthla elongata 
(Mehlis). Although he referred his specimens to H. elongata, Linton 
noted certain differences between them and previous descriptions of 
that species. Linton’s determination was questioned by Vogel (1933) 
and comparison of the present worms with the description of Himasthla 
elongata as given by Dietz (1910) shows such marked differences that 
they cannot be included in the same species. There are constant 
differences in the number and arrangement of the cephalic spines, size 
of organs, shape of testes, and in distribution of the vitellaria. In 
H. elongata the vitelline follicles are continuous, whereas in the species 
which I have studied these glands are interrupted at the levels of the 
testes. Since this species is distinct from H. elongata, the name given 
by Miller and Northup to its cercarial stage was adopted. The speci- 
mens identified as H. elongata by Linton were accordingly referred to 
H. quissetensis. 

In the paper cited, Linton (1928) reported on several hundred 
specimens of Himasthla which had been collected at Woods Hole, 
Massachusetts, from four species of Larus and from N. nycticorax. 
He stated, ‘‘ These distomes, while they vary considerably in size and 
proportions, appear to belong to the same species, and are in such close 
agreement with H. elongata that it seems best to refer them to that 
species in spite of the difference in the number of circum-oral spines. 
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H. elongata is characterized by having 29 circum-oral spines, of which 
the two which are situated at each angle of the oral disc are smaller 
than the others. In all of the specimens in which they could be dis- 
tinctly seen in the Woods Hole material, the number of oral spines was 
found to be 31, arranged as shown in Figure 18.’’ In this figure, 27 
spines are situated in a single row with two between and behind the 
others at the ends of the row. 

In addition to the specimens referred to H. elongata, Linton de- 
scribed two specimens from the white-winged scoter, Oidemia deglandi, 
as a new species whgch he named Himasthla incisa. In this species he 
reported that there are about 27 cephalic spines. The type specimen 
of H. incisa and representative specimens of the worms referred to 
H. elongata were deposited in the United States National Museum. 

Lack of agreement between the number of cephalic spines on speci- 
mens referred by Linton to H. elongata and the number previously 
reported for that species, together with differences in the arrangement 
of the vitellaria in Linton’s specimens and those of H. quissetensis have 
created a problem of specific determination. For comparison with 
material of H. quissetensis, Linton’s specimens were borrowed from 
the U. S. National Museum. There were five slides, numbered 7921 
to 7925 inclusive. The type specimen of H. incisa was mounted on 
slide No. 7925. This worm has 31 cephalic spines but the anterior 
part of the specimen is twisted and flattened, so their arrangement at 
the ends of the row is not symmetrical. The worm has heavy muscles 
and the cuticula bears prominent spines which extend posteriad as far 
as the level of the testes. The vitellaria are massive and extend along 
the sides of the body without interruption. Other specific features 
are presented in the measurements and figure of Linton. Thespecimen 
is clearly distinct from H. quissetensis and from all other described 
species. All of the other specimens had been identified as H. elongata 
by Linton. A single specimen from Larus marinus was mounted on 
slide 7923. It has 31 cephalic spines and the vitellaria are interrupted 
at the testicular zones. In both of these features as well as in total 
size and in the position and size of the individual organs it agrees with 
H. quissetensis. Consequently, I believe that this specimen should be 
assigned to that species. Nine specimens from Larus argentatus, which 
obviously belong to the same species, are mounted on slide 7921. They 
agree with Linton’s figure 17 and all of them have 29 cephalic spines, 
25 arranged in a single row with two between and behind the others 
at the tips of the collar. It is apparent that these specimens are 
distinct from the two described previously and their systematic position 
is doubtful. They may belong to H. elongata as Linton believed. A 
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single specimen from Nycticorax nycticorax is mounted on slide 7924. 
It bears 29 cephalic spines and is probably identical with the worms 
from L. argentatus on slide 7921. Three specimens from Larus 
delawarensis are mounted on slide 7922. They have 29 cephalic 
spines, and although they are immature, the worms agree structurally 
with those on slides 7921 and 7924. 

Subsequently, Professor Linton kindly sent additional material 
from his own collection. In a personal communication (April 11, 
1938) he wrote, ‘‘ Upon looking over my slides I find that I must have 
included a lot from the Herring Gull in my former report that were 
not H. elongata, as I find only 11, instead of 34 slides of that species.”’ 
Among the specimens received from Professor Linton there is one 
which has 31 cephalic spines and interrupted vitellaria and which I 
regard as H. quissetensis. The others have 29 cephalic spines and are 
identical with the specimens on slides 7921 and 7924 from the U. S. 
National Museum collection. 

It appears, therefore, that the specimens identified by Linton as 
H. elongata belong to two distinct species. Most of the worms agree 
with his figure 17 and they may be H.. elongata. They have 29 cephalic 
‘spines and the measurements of twelve representative specimens are 
intermediate between or overlap the figures given by Dietz (1910) as 
characteristic for H. elongata and H. militaris. In my opinion the 
worms might with equal justification be referred to either of the two 
species. On the other hand, they may belong to neither. The 
second group of specimens referred by Linton to H. elongata have 31 
cephalic spines and agree with the worms which I have described as 
H. quissetensis. The anterior end and cephalic spines of one of these 
specimens is shown in Linton’s figure 18. 

The precise status of the present and other species which have been 
referred to the genus Himasthla is doubtful. Until the amount of vari- 
ation which naturally occurs in a species is determined, and its limits 
defined, final specific determination is impossible. In a related 
species, Echinostoma revolutum, Beaver (1937) has studied the amount 
and nature of variation. Certain of his observations are pertinent to 
the problem at hand. He found, p. 19, ‘‘The range then for mature 
worms is from 4 to 30 mm. in length. This size range is so great that 
a description of any one size is grossly inadequate for an accurate 
diagnosis of all other sizes, and a description by the ordinary methods 
is impractical when applied to worms having so great a range in size. 
This would not be true, however, if it were possible to give propor- 
tionate measurements applicable to all sizes which, as shown below, 
cannot be done. Practically every feature has been measured and 
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plotted; and in no instance is the proportion between two organs or 
structures a constant throughout the series.’’ He stated, p. 26, “Egg 
size varies with the age of the worm and is possibly somewhat altered 
by the host. The younger worms produce eggs with a very great 
range in size, and the average length is much greater than in more 
mature ones. The range in size for the eggs of the worms from all 
hosts was found to be 91 to 145 microns by 66 to 83 microns.”” Among 
other conclusions he reported, p. 65, “‘It is shown by this study that 
the cephalic spination is the most reliable character for diagnosis of 
the adult worm.” 

Sprehn (1932) listed H. militaris (Rudolphi, 1803) and H. secunda 
(Nicoll, 1906) as synonyms of H. lepiosoma (Creplin, 1829) and Palombi 
(1934) admitted the probable identity of H. leptosoma and H. secunda. 
Since three of the four species of Himasthla which bear 29 cephalic 
spines were regarded as identical by Sprehn, one is led to question why 
the other one, H. elongata (Mehlis, 1831) was accepted as valid. There 
appears to be no better reason for retaining H. elongata than the other 
specific names which were dropped in synonymy. If the opinion of 
Sprehn is correct, the name of the species is H. militaris and not H. 
leptosoma. 

With reference to H. quissetensis, it is not impossible that this 
species is identical with H. alincia Dietz, 1909, which also has 31 
cephalic spines. The description of the latter species is based on a 
single specimen from Tringa cinclus, collected in Brazil. The figure 
of Dietz suggests the appearance of a worm which was dead before 
fixation and consequently much elongated. The worm is much more 
extended than the specimens which I have studied but the only obvious 
morphological difference between them is in the anterior limits of the 
vitellaria, which in H. alincia do not extend to the level of the cirrus sac. 

A further case of specific identity is suggested between H. quis- 
setensis and H. muehlensi, the species described by Vogel (1933) from 
man. A comparison of the specimens at hand with the description of 
H. muehlensi shows much similarity especially in the distribution of 
the vitellaria. The worms studied by Vogel were slightly larger and 
apparently contained one more spine in the cephalic coronet. But 
those specimens were dead and somewhat macerated; in none of them 
was the crown of spines complete and intact, and the absence of lateral 
crenations in the body wall may be correlated with the greater length 
of the extended specimens. Indeed, a specimen of H. qutssetensis 
which was fixed in a moribund condition, is much extended and 
measures 14.2 mm. in length. The tissues had absorbed water and 
all the organs are larger than corresponding ones in well-fixed speci- 
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mens. The testes were almost smooth. The differences between H. 
quissetensis and H. muehlensi in size and in dimensions of particular 
organs are not surprising in view of the difference in hosts and condi- 
tion of material. Indeed, Vogel noted that species of Himasthla had 
previously been reported only from birds and he raised the question 
whether H. muehlensi may not normally be a bird parasite which 
occasionally is introduced into the human intestine where it may 
become mature but in which it is probably retained for only a short 
time. Consideration of this problem and of the possible difference in 
number of spines is facilitated by certain observations of Beaver (1937). 
He found in Echinostoma revolutum that large individuals may produce 
accessory collar spines. He stated that ordinarily the worms do not 
attain a definitive size, but continue to grow until they are expelled. 
From the study of specimens developed in six different mammalian and 
three different avian hosts he reported, p. 28, ‘‘As a rule the worms 
develop more rapidly in birds (Table 7, p. 77), become mature earlier 
and at a smaller size, and live a much shorter period.”” The data of 
Beaver show that differences induced in individuals of the same 
species when reared in avian and mammalian hosts are as great as 
those between H. quissetensis and H. muehlenszt. 

The first experimental demonstration of the life cycle in the genus 
Himasthla supports the opinion of Vogel that the human species, H. 
muehlensi, is acquired by eating raw or insufficiently cooked mollusks. 
Examination of large numbers of Venus mercenaria, purchased in the 
New York market, has failed, however, to disclose the metacercaria 
of this species. Whether or not it is distinct from H. quissetensis 
remains to be determined. 

Results of the present study on H. quissetensis supplement those 
of Beaver on Echinostoma revolutum. All of the gulls were fed approxi- 
mately the same number of metacercariz and 100 to 200 worms were 
recovered from the intestine of each of the birds killed two, three, 
twelve and thirty-one days after experimental feeding. The worms 
collected after thirty-one days in the intestine may not have been 
fully mature, since the terminal half of the uterus contained very few 
eggs. The bird sacrificed forty-five days after ingestion of cysts had 
been passing large numbers of eggs in the feces but contained only a 
single specimen when killed. It appears that in the present species 
the worms do not persist in the intestine very long after they become 
sexually mature. 

SUMMARY 


Cercaria quissetensis Miller and Northup, 1926 has been restudied. 
It is the only echinostome cercaria which has been found in the 
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examination of over 18,000 specimens of Nassa obsoleta at Woods Hole. 
This cercaria encysts in the gills, mantle and foot of various mollusks. 
Metacercarize were obtained experimentally in Mya arenaria, Modiolus 
modiolus, Mytilus edulis, Cumingia tellinoides, Pecten irradians, Ensis 
directus, and Crepidula fornicata. The metacercarie are infective for 
birds three days after encystment and develop to maturity in the 
herring gull, Larus argentatus. Sexually mature specimens are iden- 
tical with certain of those described by Linton (1928) as Himasthla 
elongata (Mehlis). Since there are important differences between the 
present specimens and H. elongata, they cannot be referred to that 
species and the name of the cercaria is adopted for them. Possible 
synonymy in the genus Himasthia is discussed. 
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Culture techniques by means of which large supplies of unicellular 
organisms can be continually available are greatly in demand. This is 
especially true of unicellular plants, since they, are convenient organ- 
isms for the study of photosynthetic and other metabolic processes. 

The problem is essentially one of the maintenance of a growing 
population. So long as no factors develop which limit the rate of 
multiplication, increase in a culture or population is directly propor- 
tional to the number of organisms present. The growth of the popula- 
tion is logarithmic during the initial period. Some factor or factors in 
the environment, however, sooner or later lower the division rate. 
These factors may be limiting nutrient concentrations, formation of 
inhibitory excretory products, production of non-viable cells in the 
process of division, or, in the case of photosynthetic plants, limiting 
light intensity. 

It was pointed out by Hjort, Jahn and Ottestad (1933), in a study 
of whaling in the antarctic, that the most advantageous way to exploit 
a population is to keep it at the level at which the greatest number of 
new organisms are produced in unit time. This paper presents an 
application of this principle to a culture method. After procuring 
the cell concentration at which the greatest daily yield is obtained the 
culture is maintained at this concentration. A volume of culture con- 
taining the quantity of cells equivalent to the daily increase is with- 
drawn each day and is replaced by an equal volume of fresh sea water 
enriched with nutrients. 

We have used the marine diatom, Nitzschia closterium, which is an 
ideal organism for a study of culture technique. It is a small cell which 
is readily maintained in pure bacteria-free cultures, and which remains 
freely suspended in the sea water medium. 

The culture medium used was that devised by Miquel for freshwater 
diatoms, and modified by Allen and Nelson (1910) for marine forms. 
We further modified it by the addition of MgSO, to the enrichment 
solutions. 

































1 Contribution No. 172 from the Woods Hole Oceanographic Institution. 
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Sea water was enriched by the addition of nutrients prepared as 
follows: 


Seltstion' A> BEIPii:.... ... 2-000 20.2 grams/100 cc. water 
Solution B NaeHPO,«(12 H.O)........ 


FeCl; (melted) 
Conc. HCl eA Ee 
dilute to. 100 cc. with water 


To each liter of sea water 0.55 cc. of solution A and 0.5 cc. of solu- 
tion B were added. The reduction of the quantity of solution B from 
1 cc. as used by Allen and Nelson to 0.5 cc. per liter was made in order 
to eliminate the precipitation of iron, magnesium and calcium phos- 
phate which forms when larger quantities are used. The amount of 
solution A was adjusted to give the usual ratio of phosphate phos- 
phorus to nitrate nitrogen in sea water. This ratio, as reported by 
Redfield (1934), is about twenty atoms of nitrogen to one of phosphorus. 

In the culture of unicellular plants it is difficult to obtain sufficient 
light intensity without undesirable heating. Neon tubes obviate this 
difficulty since they radiate very little heat, and the emission is close to 
the optimum for chlorophyll synthesis. The apparatus finally devised 
consists of a U-shaped neon tube which is surrounded by a glass water- 
jacket 8 cm. in diameter. This is placed in the axis of a large cylin- 
drical museum jar 21.3 cm. in diameter by 90 cm. in height. The 
culture occupies the space between the two cylinders. The neon tube 
is completely surrounded by the culture and little light is lost except 
that which passes through the medium without being absorbed. By 
regulation of the flow of water through the water jacket the tempera- 
ture in the culture can be controlled. Air containing 5 per cent CO? 
is bubbled through the culture to maintain a large source of available 
carbon, and to keep the cells from settling. Nutrient solutions may 
be added to the culture from time to time by means of a dropping 
funnel. 

In flask cultures of Nitzschia clostertum in the above medium the 
growth is limited to 2 10° cells per liter by the complete exhaustion 
of nutrients. In the large culture nutrients are added when necessary 
and ten times the maximum cell concentration produced in flask cul- 
tures can be obtained. Every time a number of cells sufficient to 
exhaust the nutrients is formed the appropriate amounts of the 
nutrient solutions must be added. The necessity for enrichment may 
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be determined by following the cell count or may be checked by 
periodical chemical analyses of the medium. 
In Table I the data for the growth of a typical culture are pre- 


TABLE I 


Growth of a culture of twenty-six liters of Nitzschia closterium with regular enrichment 
of the medium. 





Division rate 


(k) per day Daily yield 


Time | Cell count 


days cells/liter cells/liter 
0.004 x 10° — — 
0.043 nt 1.19 0.02 « 10° 
0.140 7 1.15 0.10 - 
0.52 “ 0.655 0.19 ” 
1.04 2 0.530 0.52 * 
2.10 S 0.530 1.06 
3.58 ° 0.27 0.75 
8.10 7 0.40 25 
11.5 " 0.18 
12.8 - 0.11 
ay 0.07 











sented. The division rate per cell is expressed by the velocity coeffi- 
cient of the rate of growth, k. It is obtained from the equation 


i In Cr 
le— ty Ci, 


k= 


in which C;, and C;, are respectively the cell concentrations at the end 
and beginning of the period under consideration. The division rate per 
cell remained approximately constant for the first three days of the 
culture period, after which it declined steadily. 

The daily yield depends upon both the division rate and the cell 
concentration. It increased to a maximum on the eleventh day and 
then decreased. It is apparent that in order to obtain the maximum 
production of the culture it should be maintained at the cell con- 
centration giving the optimum daily yield. 

In Table II are given data procured by periodically reducing the 
cell concentration to the optimum by removal of the daily yield and 
subsequent dilution to the original volume. The values for the 
daily yield given in column five show that the production can be 
steadily maintained at its maximum. At the optimum cell concen- 
tration of 8 X 10° cells per liter 28 per cent of the total culture can 
be removed daily, giving a daily yield of about 2.4 X 10° cells per liter. 
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The total yield of a culture depends, of course, on its volume. 
The apparatus used in obtaining these data contained 26 liters, giving 
a total yield of about 62 < 10° cells per day. The dry weight of this 
quantity is approximately one gram. For the fifteen-day growth 
period of the culture (Table I) the average daily yield for the total 
period is only 2¢ X 10° cells per day. This value is only about one- 
third of that obtained by the renewal method after optimal conditions 
have been established and no continuous supply is obtained. 


TABLE II 


Yield of a culture of Nitzschia closterium maintained continuously at the optimal con- 
centration for production. 


Duration of Division rate 
growth period (k) per day 


Initial count Final count Daily yield 


cells/liter cells/liter hours | cells/liter 
8.84 x 10° 11.36 «K 10° | 25 0.243 | 2.42 « 10° 
7.70 _ 11.15 41 0.217 | 2.02 = 
8.10 - 12.92 os 45 0.250 2.57 Ps 


This culture method was originally undertaken in an attempt to 
obtain diatoms for chemical analyses in quantities ranging up to a 
kilogram or more of dry material. The time required for producing 
such a quantity by this method could be reduced by increasing the 
number of units. <A direct enlargement of the culture chamber is not 
desirable, since an increase in thickness of the culture would make 
the light intensity a serious limiting factor. A larger container could 
be used if it contained several light sources. A method for obtaining 
large quantities of diatoms directly from the sea has been described by 
Clarke (1937). Allen (1938) has recently criticized Clarke’s method 
as being unnecessarily elaborate, but she does not appear to appreciate 
the magnitude of the quantities required, nor our need for a method 
applicable under those conditions of abundance frequently encountered 
in the sea. 

The culture method described above has the advantage, not ob- 
tainable with natural collections, of producing a continuous supply of 
cells in a pure state. The culture can, moreover, be grown under 
various controlled environmental conditions and an ample quantity of 
material is produced daily for a variety of chemical and physiological 
tests. It is believed that a similar method can be applied advantage- 
ously to many other unicellular organisms required for physiological 
research. 
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PARTHENOGENETIC MEROGONY OR DEVELOPMENT 
WITHOUT NUCLEI OF THE EGGS OF SEA 
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In a previous paper (1936) it was shown that non-nucleate parts of 
the eggs of Arbacia punctulata, obtained by centrifugal force, can be 
artificially activated and by successive cleavages they reach the 
blastula stage. This I have termed parthenogenetic merogony since 
it is a combination of parthenogenesis, in which the male nucleus is 
lacking, and merogony, in which the female nucleus is lacking; in 
parthenogenetic merogony both male and female nuclei are lacking, and 
the egg develops without any nuclei. In view of the fact that the non- 
nucleate halves of Arbacia punctulata, obtained by centrifugal force, are 
densely -:packed with pigment granules which apparently interfere 
somewhat with the formation of typical cell boundaries, even after 
fertilization, it seemed possible that further development of partheno- 
genetic merogones might be obtained with other species of sea urchin. 
Furthermore, the presence of mitochondria in the non-nucleate halves 
of certain species presented a means of testing the possibility that thege 
granules might be helpful in development without nuclei. An investi- 
gation was carried out at Naples in the spring of 1937 and the results of 
the study are presented in this paper. Some observations on partheno- 
genetic and merogonic development are included, to serve as a basis for 
comparison of eggs without any nucleus (parthenogenetic merogones) 
with similar eggs and egg fractions having one nucleus, female or male 
(= “haplones”’). A study has previously been made (1933) of the 
development of the centrifuged whole eggs and their nucleate fractions 
after fertilization, that is with two nuclei, both female and male 
(= ‘“‘diplones’’). Some observations on the effect of activating agents 
on immature eggs are also included since these bear on the general 
subject. 

‘] am very grateful to Dr. Reinhard Dohrn for his interest and kindness during 
my stay at the Stazione Zoologica in Naples and to the Rockefeller Institute for the 
use of the Jacques Loeb Memorial Table. I wish also to acknowledge with thanks a 
grant from the Penrose Fund of the American Philosophical Society which has 
greatly facilitated my work. 
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DEVELOPMENT WITHOUT NUCLEI 


MATERIAL AND METHOD 


The four species of sea urchins commonly occurring at Naples are 
Arbacia pustulosa, Sphaerechinus granularis, Paracentrotus (Strongylo- 
centrotus) lividus and Parechinus (Echinus) microtuberculatus. Theeggs 
of all these species can be broken apart by centrifugal force and these 
parts can be fertilized and will develop (1933). The nucleus always 
goes to the light pole, so that the heavy half of the egg is always non- 
nucleate. With further centrifuging, the halves can be broken into 
quarters. The non-nucleate fractions of the eggs of all four species can 
be artificially activated. The egg of Parechinus microtuberculatus 
proved the best one for the investigation since it breaks apart easily 
(thus avoiding heating while on the centrifuge) and the very clear 
protoplasm renders all phenomena easily visible in the living egg. 

The most satisfactory parthenogenetic agent was the same as was 
used for Arbacia punctulata, i.e., sea water concentrated to about half 
its volume, or NaCl added to the sea water to bring it to a similar 
hypertonicity. After immersion for 10-20 minutes, the eggs were 
returned to sea water. Other methods were tried, especially Loeb’s 
double method (butyric acid and a hypertonic solution) with less 
favorable results. One difficulty in the investigation has been to 


obtain a standard concentration and a definite period of immersion in 
the hypertonic solution owing to the extreme variability in reaction of 


different batches of eggs of the same species. Such has been the 
experience also of other investigators in obtaining parthenogenesis of 


entire eggs. 


STRATIFICATION BY CENTRIFUGAL FORCE 


When the eggs of any of the four species are centrifuged, the nucleus 
always goes to the light pole under the oil cap. This is invariable in 
mature unfertilized eggs. The stratification of materials, however, is 
different in the different species, thus causing a difference in granular 
content of the non-nucleate fractions of the different species; these 
fractions also differ in size in comparison with their corresponding 
nucleate fractions. The stratification of the four species is shown in 
Photographs 1-13. 

The normal egg of Arbacia pustulosa is exactly like that of Arbacia 
punctulata except that it is a little larger (79 uw as vs. 74 4) and more 
heavily pigmented; and it stratifies similarly. The stratification of 
Arbacia pustulosa (Photograph 1) is:—oil at the light pole, then a clear 
layer, then a band of mitochondria (small granules which stain purple 
with methyl green), then yolk granules, and then red pigment granules 
at the heavy pole. In the other three species pigment granules are 
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lacking, except for the faint (occasionally quite reddish) band encircling 
the Paracentrotus egg, which seems to be a definite structure not moved 
by the centrifugal forces used in my experiments. This is probably 
due to the fact that the pigment granules forming the band are 
embedded in the cortical protoplasm which is generally conceded to 
have a higher viscosity than the interior. The egg of Arbacia pustulosa 
breaks apart in 3 minutes at 10,000 X g into two almost equal halves, 
the non-nucleate half containing only yolk and pigment and no 
mitochondria (Photograph 2). With further centrifuging, the halves 
can be broken into quarters (Photograph 3). 

The normal egg of Sphaerechinus granularts averages 98 uv in diame- 
ter. The stratification under centrifugal force is similar to that of 
Arbacia except for lack of pigment granules; i.e., oil, clear layer, 
mitochondria and yolk (Photograph 4). There is frequently a clear 
layer also at the centrifugal pole below the yolk (Photograph 5). The 
egg breaks apart at 10,000 X g in 5 minutes (Photograph 6). The 
non-nucleate fraction is much larger than the lighter nucleate fraction 
and contains yellowish yolk granules and a few mitochondria. With 
further centrifuging both half-eggs can be broken into quarters. 

The eggs of the other two species differ from those of Arbacia and 
Sphaerechinus in having the mitochondria heavier than the yolk 
granules. The egg of Paracentrotus lividus has an average diameter of 
90 wu. The usual stratification under centrifugal force is:—oil, clear 


PHOTOGRAPHS 1-13 
Stratification and Breaking of Eggs 

The photographs were all taken of the living eggs with a Leica camera. 
Photographs 1, 4, 5, 6, 7, 12 were taken of eggs in a centrifuge microscope slide 
immediately after being rotated on the centrifuge microscope, and all with the same 
magnification, so that the sizes of the eggs as pictured are comparative. 

PHOTOGRAPH 1. Arbacia pustulosa—Stratification. 

PHOTOGRAPH 2. Arbacia pustulosa—Stratified whole and half-eggs. 

PHOTOGRAPH 3. Arbacia pustulosa—Red half and its two quarters. 

PHOTOGRAPH 4. Sphaerechinus granularis—Stratification. 

PHoToGRAPH 5. Sphaerechinus granularis—Stratification showing clear layer 
at bottom of eggs. 

PHOTOGRAPH 6. Sphaerechinus granularis—Breaking apart. 

PHoToGRAPH 7. Paracentrotus lividus—Usual stratification. 

PHOTOGRAPH 8. Paracentrotus lividus—Stratification with clear layer at bottom 
of egg. 

PHOTOGRAPH 9. Paracentrotus lividus—No clear layer at top of egg (Like 
Parechinus). 

PHOTOGRAPH 10. Paracentrotus lividus—Breaking into large upper and small 
lower halves. 

PHOTOGRAPH 11. Paracentrotus lividus—Breaking into small upper and large 
lower halves. 

PHOTOGRAPH 12. Parechinus microtuberculatus—Stratification. 

PHOTOGRAPH 13. Parechinus microtuberculatus—Breaking apart. 
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layer, yolk, clear layer and mitochondria (Photograph 7). There is, 
however, some variation in the position of the clear layer; in some eggs 
there is no clear layer between the yolk and mitochondria; in some eggs 
there is a clear zone below the mitochondria (Photograph 8). And 
sometimes there is no clear layer below the oil (Photograph 9); in this 
case the stratification is like that of Parechinus (Cf. Photographs 9 and 
12). The clear substratum is apparently, therefore, not uniform, but 
must be of graded density throughout its extent in the centrifuged egg. 
It takes 30 minutes at 10,000 X g to break these eggs apart; they are 
much more difficult to break apart than the eggs of the other species. 
There are two types of breaking. The egg may break into a larger 
nucleate fraction and a small non-nucleate sphere, as the majority of 
eggs did in the springs of 1933, 1934 and 1937 (Photograph 10) or they 
may break into a smaller nucleate fraction and a large non-nucleate 
fraction as the majority of eggs did in 1932 (Photograph 11) (E. B. 
Harvey, 1933). The two types must be due to something inherent in 
the egg as they may occur in eggs from the same female centrifuged 
together in the same tube, although any set of eggs tends to be either of 
the one type or the other. A similar peculiarity has been noted 
previously for Arbacia punctulata in unusual batches of eggs (1936). 
In either case, the non-nucleate sphere of Paracentrotus contains all the 
mitochondria and some of the yolk granules. 

The egg of Parechinus microtuberculatus is the largest of the four 
species; its average diameter is 102 u. The typical stratification is: 
oil, yolk granules, clear layer, mitochondria (Photograph 12). The 
nucleus, therefore, lies typically among granules at the centripetal pole 
and not in a clear layer as in the eggs of the other species of sea urchins 
and of most other eggs. There is occasionally, however, also a clear 
layer under the oil in which case this egg resembles the typical 
Paracentrotus egg. The egg breaks apart in 8 minutes at 10,000 X g, 
and with further centrifuging the lower half can be broken into quarters. 
The non-nucleate halves are much smaller than the nucleate, and con- 
tain mitochondria and practically no other granules (Photograph 13). 

We see, then, that the eggs of the four species of sea urchin under 
consideration stratify differently, and that therefore the non-nucleate 
fractions contain different kinds of granules. In the non-nucleate 
halves of Arbacia, pigment granules are present, in the other three 
species, they are not. In Sphaerechinus, Paracentrotus and Parechinus, 
mitochondrial granules are present, in Arbacia, they are not. In 
Parechinus there are practically no yolk granules, but these are present 
in the non-nucleate halves of the other three species. The clear 


protoplasm which is the matrix in which granules are suspended is, of 
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course, present in all the non-nucleate halves, in greater or less amount, 
and appears as a definite layer when free of granules, as is typical for 
Parechinus. 
ARBACIA PUSTULOSA 
Parthenogenetic Merogones 

The non-nucleate red halves, yolk quarters and pigment quarters of 
Arbacia pustulosa have been activated artificially (= parthenogenetic 
merogones). They throw off a fertilization membrane closely adhering 
to the surface and form a thick ectoplasmic layer, as is characteristic of 
the normal fertilized egg of this species. A large monaster appears in 
many of the fractions about two hours after activation, succeeded in 
another hour or so by an amphiaster; these are usually visible only in 
the yolk quarters and the less pigmented part of the red halves. After 
another hour, a cleavage plane may come in between the two asters. 
This has been observed to come in chiefly in the long axis of the 
elongate red half-eggs and to extend only to the pigmented area. 
Some of the red halves have reached by successive cleavages a 16-cell 
stage with good cell boundaries. Photographs 14-17 are successive 
photographs of the same two eggs. In many red halves, cell bound- 
aries do not come in, but the egg may be literally peppered with small 
asters (Photograph 18). In many of the red half-eggs, a cleavage 
takes place at the pigmented end (Photographs 19, 20). In the yolk 
quarters which are usually spherical, the first cleavage plane divides 
the fraction equatorially or nearly so (Photograph 21). No further 
development has been obtained of the parthenogenetic merogones of 
Arbacia pustulosa, but it seems likely that with a more extensive study, 
blastulz could be obtained similar to those of Arbacia punctulata. 


Haplones 

The term “‘haplone’’ is used to include eggs which develop with only 
one nucleus whether female (= parthenogenetic) or male (= merogonic, 
i.e. a fertilized egg fragment from which the female nucleus has been 
removed) and therefore containing a haploid set of chromosomes. The 
normal fertilized egg, containing both male and female nuclei and 
therefore a diploid set of chromosomes, is termed a “‘diplone.” 

The normal egg of Arbacia pustulosa may be activated by partheno- 
genetic agents, and also the whole egg after it has been centrifuged, as 
well as the white half which contains the nucleus. They all throw off a 
closely adherent fertilization membrane characteristic of the normal 
fertilized egg. The cleavage is similar to that of the fertilized egg 


except that it takes place at a slower rate. The first cleavage of the 
artificially activated egg, both normal and centrifuged, takes place only 
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after 3 hours (at 20° C.), often much longer, whereas that of the 
fertilized egg takes place in 14 hours. The two-cell stage of the elon- 
gate centrifuged egg, both fertilized and parthenogenetic, is similar to 
that of Arbacia punctulata; the first cleavage plane usually comes in 
across the short axis of the egg, in the less dense granular area, dividing 
the egg into a smaller cell with few granules and a larger pigmented cell 


(Photograph 22). The first cleavage plane of the spherical white half, 


both fertilized and parthenogenetic, is equatorial (Photograph 23). 
Parthenogenetic whole eggs, both normal and centrifuged, and 
parthenogenetic white halves have given swimming blastulz, but were 
carried no further. 

The non-nucleate halves and quarters when fertilized (= fertilized 
merogones) have sometimes cleaved quite regularly, when spherical, 
but at a slow rate (Photograph 24); but often, asin Arbacia punctulata, 
cell boundaries fail to come in, giving rise to multi-nucleate eggs. 
Nuclei are often plainly visible in these fertilized merogones (Photo- 
graph 25). They contrast.strikingly in this respect with the partheno- 
genetic merogones in which asters may be present but not nuclei. A 
few swimmers have been obtained but many of the fertilized merogones 
fail to develop. 

PARECHINUS MICROTUBERCULATUS 
Parthenogenetic Merogones 


The non-nucleate halves of Parechinus microtuberculatus consist of 
mitochondrial granules and clear layer (Photograph 26). When they 


PHOTOGRAPHS 14-25 
Arbacia pustulosa 


PHOTOGRAPHS 14-21. Parthenogenetic merogones. Photographs 2-25. 
Haplones. 

PHOTOGRAPH 14. Two red half-eggs, 44% hours after activation. Two asters 
were plainly visible in the egg at left. 

PHOTOGRAPH 15. Same, 5 minutes later. Cleavage between the two asters. 

PHOTOGRAPH 16. Same, 1 hour later (51% hours after activation). Note cleav- 
age plane appearing in egg at right. 

PHOTOGRAPH 17. Same, 1/2 hour later (6 hours after activation). 

PHOTOGRAPH 18. Red half-egg, peppered with asters (714 hours after activa- 
tion). 

PHOTOGRAPH 19. Red half-egg, 544 hours after activation. 

PHOTOGRAPH 20. Similar red half-egg, 22 hours after activation. 

PHOTOGRAPH 21. Yolk quarter, 4% hours after activation. The cleavage 
plane was observed to come in between two large asters. 

PHOTOGRAPH 22. Whole egg centrifuged, then activated, 6 hours after ac- 
tivation. 

PHOTOGRAPH 23. White half-egg, 6 hours after activation. 

PHOTOGRAPH 24, Fertilized red half, 544 hours after fertilization. 

PHOTOGRAPH 25. Fertilized yolk quarter, 94% hours after fertilization. Ob- 
serve nuclei in the cells. 
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are activated, they throw off fertilization membranes widely separated 
from the surface of the egg, leaving a large perivitelline space just as is 
characteristic of the normal fertilized egg of this species (Photograph 
27). The membranes are frequently thrown off while in the hypertonic 
solution and the surface of the egg then becomes irregular or crenate 
(Photograph 28). On return to sea water, these eggs swell and the 
perivitelline space is often completely obliterated; the fertilization 
membrane is frequently broken by further swelling. A large monaster 
forms three or four hours after activation and after another hour or so 
there may be two, three or more asters. Cleavage planes have been 


observed coming in around the asters, resulting in two-, three-, or four- 
cell stages (Photographs 29, 30, 31). No regular succession of cleav- 


ages has been observed, such as occur in Arbacia. The egg seems 
somewhat labile and cleavage planes appear and disappear. These 
eggs later break up into a number of small cells, becoming progressively 
smaller and more numerous, often while still within the fertilization 
membrane, resembling a blastula. Photographs 31, 32 and 33 are 
successive stages of the same egg showing the breaking up, following 
normal cleavage planes (Photograph 31) which had been observed to 
come in between three large asters. Photographs 34, 35 and 36 are 
successive stages of another egg. Many of these blastulz occur as well 
as other blastule in which there are no cell boundaries; these may be 
filled with asters. The blastule emerge from the fertilization mem- 
branes in quite typical fashion on the day after activation, leaving the 
ruptured empty membranes (Photograph 37) and they may live for 
several days. The characteristic breaking up of the non-nucleate half- 
egg might be looked upon as stages in degeneration rather than as 
stages in development. But an exactly similar process takes place also 


PHOTOGRAPHS 26-37 
Parechinus microtuberculatus. Parthenogenetic merogones. 


PHOTOGRAPH 26. Non-nucleate lower halves, just broken off by centrifuging. 

PHOTOGRAPH 27. Ten minutesafter activation, to show fertilization membranes. 

PHOTOGRAPH 28. Non-nucleate halves still in hypertonic sea water for 1/2 hour. 

PHOTOGRAPH 29. Beginning two-cell stage, still in hypertonic sea water for 
three hours. 

PHOTOGRAPH 30. Two-cell stage, seven hours after activation. 

PHOTOGRAPH 31. Three-cell stage, four hours after activation; three large 
asters were plainly visible but do not show in the photograph. 

PHOTOGRAPH Same egg as 31, five hours later. 

PHOTOGRAPH Same egg, one hour later (ten hours after activation). 

PHOTOGRAPH Another egg, twenty-two hours after activation. 

PHOTOGRAPH Same egg, five hours later. 

PHOTOGRAPH Same egg, six hours later (thirty-three hours after activation). 

PHOTOGRAPH Non-nucleate egg emerging from fertilization membrane, 
twenty hours after activation. 
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in the whole egg leading to normal blastulz as described below. The 
similarity may be readily seen by comparing Photographs 34, 35 and 36 
with Photographs 39, 40 and 42. 


Haplones 


Normal uncentrifuged eggs of Parechinus microtuberculatus were 
treated with hypertonic sea water for twenty-five minutes, then 
transferred to sea water. Fertilization membranes formed and after 
some hours the nuclei enlarged as they normally do previous to breaking 
down. In Photograph 38, taken seven and a half hours after activa- 
tion, the enlarged nuclei may be seen in the two eggs to the left, and in 
the right-hand egg, the nuclear membrane has just broken (it was 
observed to break) and the cell has become somewhat amoeboid. 
Fifteen minutes later, this egg has begun to break up into a number of 
irregular cells (Photograph 39) and the process has continued further in 
Photograph 40, taken fifteen minutes later. The process continues as 
is shown in Photographs 41 and 42, until a blastula is formed, often 
quite normal in appearance, consisting of many cells of the same size. 
After some hours the blastule break through the fertilization mem- 
branes and become free-swimming, with cilia. Some of these seem 
quite regular and normal but some are abnormal consisting of cells of 
varying sizes. Many normal gastrule later developed, presumably 
(not actually observed) from the blastula which had developed in this 
irregular fashion (Photograph 43). A comparison of Photographs 34 
with 39, 35 with 40, and 36 with 42 will show the similarity of the 
breaking up of the non-nucleate egg with the process in the nucleate 


parthenogenetic egg which gives rise to some quite normal-looking 


swimmers. 
Some centrifuged whole eggs treated with the parthenogenetic agent 
cleaved similarly to such eggs after fertilization. In one set of 


PHOTOGRAPHS 38-46 
Parechinus microtuberculatus. Haplones 


PHoroGRAPH 38. Normal eggs, 7% hoursafter activation. Nuclear membrane 
had just broken in egg to right. 

PHOTOGRAPH 39. Same eggs, 25 minutes later; egg breaking up irregularly. 

PHOTOGRAPH 40. Same eggs, 15 minutes later. 

PHOTOGRAPH 41. Similar eggs, 7% hours after activation. 

PHoToGRAPH 42. Similar eggs, 71% hours after activation. Note perfect 
blastula. 

PHOTOGRAPH 43. Similar eggs, 24 hours after activation. Note perfect gas- 
trula. 

PHotoGrapH 44, Centrifuged egg; cell division, 15 minutes after activation, 
while nucleus is still intact. 

PHoToGRAPH 45. Similar eggs, 5 hours later; upper part cytolyzed. 

PHOTOGRAPH 46. Fertilized merogone, 2 hours after fertilization. 
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parthenogenetic centrifuged eggs, however, a cleavage plane came in 
fifteen minutes after activation while the nucleus was still intact 
(Photograph 44). This came across the short axis of the egg, producing 
the same two-cell stage characteristic of the elongate Arbacia egg, both 
fertilized and parthenogenetic (Cf. Photograph 44 with 22, and with 
30, 31 and 36 of my 1936 paper). This is another instance of cleavage 


planes coming in independently of any nuclear changes and emphasizes 


the fact that the cleavage of an egg and the nuclear changes usually 
accompanying it are quite separate phenomena. Later on, the upper 
part of these eggs cytolyzed, leaving the lower part with mitochondrial 
granules, intact (Photograph 45). 

The fertilized merogones in many cases cleaved quite regularly. 
Photograph 46 is an eight-cell stage showing nuclei. 


PARACENTROTUS LIVIDUS 
Parthenogenetic Merogones 


The development of the non-nucleate fractions of Paracentrotus 
after activation is exactly like that of Parechinus described above. 
The fertilization membrane is thrown off, leaving a large perivitelline 
space characteristic of the normal fertilized egg of this species. A 
conspicuous large aster is formed (Photograph 47) followed by two or 
more smaller asters. A few early cleavages have been observed 
(Photograph 48) but the cleavage planes come and go and then the 
egg breaks up into a number of cells becoming progressively smaller and 
more numerous, just as in Parechinus, giving rise to a blastula-like 
embryo (Photographs 49, 50). 


PHOTOGRAPHS 47-58 


PHOTOGRAPHS 47-51. Paracentrotus lividus. Photographs 52-58. Sphaere- 
chinus granularts. 

PHoToGRAPH 47. Paracentrotus lividus. Non-nucleate half, 114 hours after 
activation. Note large monaster. 

PHOTOGRAPH 48. Beginning 2-cell stage, 4 hours after activation. 

PHoToGRAPH 49. Same egg as 47, 2% hours after activation; egg fragmenting. 

PHOTOGRAPH 50. Same egg 1/2 hour later. 

PHOTOGRAPH 51. Parthenogenetic centrifuged whole egg, tripartite. Note 
aster in the stalk and many asters in upper part. 

PHOTOGRAPH 52. Sphaerechinus granularis. Non-nucleate half, 2 hours after 
activation. 

PHOTOGRAPH 

PHOTOGRAPH 

PHOTOGRAPH 

PHOTOGRAPH 
tivation. 

PHOTOGRAPHS 57, 58. Cleavage of parthenogenetic centrifuged whole eggs 
while nucleus is still intact; 1 hour after activation. 


Same egg, 3 hours later. 

Same egg, 1/2 hour later. 

Same egg, 1 hour later. 

Parthenogenetic centrifuged whole egg, 5 hours after ac- 
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Haplones 


In the normal egg and in the centrifuged whole egg treated with 
hypertonic solutions, asters frequently appear in the protoplasm while 
the nucleus is still intact. Attention has previously been called (1933) 
to the peculiar tripartite eggs which develop after fertilization of a 
centrifuged egg, giving rise to three embryos. The middle portion of 
these eggs is simply the thickened stalk between the two half-eggs 
when incompletely broken apart. In a similar parthenogenetic egg, 
the fertilization membrane forms also around the stalk and a monaster 
appears in the stalk, even before the nucleus in the upper half has 
broken down. This is shown in Photograph 51 in which the upper 
part is filled with many asters (light areas in the photography. Later 
on, the upper nucleate part of the centrifuged egg becomes cytolyzed, 
while the lower part may remain intact and even cleave. The cleavage 
of the lower part may also take place while the nucleus is intact in the 
upper part. 

Swimmers have been obtained from parthenogenetic normal eggs 
but not from centrifuged whole eggs or the white nucleate halves after 
parthenogenetic reagents. 

Good cleavages of the fertilized merogones have been obtained. 
Owing to the long period of centrifuging (thirty minutes) necessary for 
breaking apart the Paracentrotus egg, and the consequent heating up 
of the machine and the eggs, investigation of this species has been 
limited. 


SPHAERECHINUS GRANULARIS 


Parthenogenetic Merogones 


The non-nucleate half of the Sphaerechinus egg, although larger in 


proportion than that of the other eggs studied and containing both 


mitochondria and yolk granules, does not develop as well. Fertili- 
zation membranes well separated from the surface, as is characteristic 
of the normal egg, are thrown off, often while still in the hypertonic 
solution. The egg then becomes ameceboid, and fragments irregularly 
into a number of pieces. The irregularity of this process may be seen 
from Photographs 52-55 which are consecutive pictures of the same 
ege 
Haplones 

The normal egg and the centrifuged whole egg after being subjected 
to parthenogenetic agents throw off fertilization membranes but do not 
go far in development. The centrifuged whole egg usually becomes 
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PHOTOGRAPHS 59-62 


Immature eggs of Parechinus microtuberculatus. 


PHoToGRAPH 59. Centrifuged egg, almost broken apart. Note thin layer 


of material over both parts and over connecting strand. 
PHOTOGRAPH 60. Change of shape and breaking up of normal immature egg, 


one hour after hypertonic sea water. 

PHOTOGRAPH 61. Normal immature egg in sea water showing protrusions wher- 
ever sperm have hit the surface. 

PHOTOGRAPH 62. Immature egg after hypertonic sea water and return to sea 
water with sperm; no protrusions on the surface. 
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amoeboid and breaks into a number of fragments just as the non- 
nucleate fraction does (Photograph 56). 

A peculiar phenomenon was observed in the centrifuged whole 
eggs and the white (nucleate) halves kept for a long time (one hour) in 
the hypertonic solution. The nucleus became elliptical, the long axis 
of the ellipse always parallel with the planes of stratification. As it 
later moved down through the clear layer it moved with its long axis in 
any direction. The ellipse almost immediately rounded out into a 
sphere when transferred to sea water. The cause and meaning of the 
ellipse is not known. An elliptical nucleus has been observed also in 
the centrifuged eggs of Arbacia punctulata after fertilization, but here 
it seems to occur at a definite stage in development, just prior to its 
breaking down (See Fig. 28 of my 1932 paper). 

A cleavage plane in the parthenogenetic centrifuged egg frequently 
comes in across the short axis of the egg (but not usually at its narrowest 
part) while the nucleus is still intact (Photographs 57, 58) just as in 
Parechinus, showing again that a cleavage plane may be independent 
of nuclear changes. 

The fertilized merogones cleave and develop quite normally, as 
previously described (1933). 


Immature Eggs 

Since the immature egg differs from the mature in having a large 
amount of material in the germinal vesicle, which mixes with the egg 
substance on maturation, it would be of great interest to get the non- 
nucleate portion of an immature egg to develop. This has been tried, 
and although not successful, some interesting phenomena have been 
observed. 

(1) Immature eggs incompletely broken apart by centrifugal force 
were put in a hypertonic solution. While still in the solution, a thin 
layer formed on the outside of both the nucleate and non-nucleate parts 
and also on the connecting strand (Photograph 59). No fertilization 
membrane was formed, but the layer of material resembled the 


ectoplasmic layer characteristic of mature eggs activated either by 


fertilization or by parthenogenetic agents. 

(2) When normal uncentrifuged immature eggs were treated with a 
hypertonic solution, they became elongate, with the germinal vesicle at 
one end; the other end pinched off a small piece. Subsequently this 
lower piece divided into two and later into many parts (Photograph 
60). The same result was obtained with centrifuged immature eggs. 
Though this is not a typical cleavage, the process is similar and 
indicates some sort of change in the surface similar to that occurring 
during a true cleavage of a mature egg. 
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(3) The fact that the surface of immature eggs is definitely changed 
by the parthenogenetic agent is shown by their reaction to sperm. 
The normal immature egg forms characteristic protrusions at the 
surface wherever the sperm hit (Photograph 61); these resemble 
enlarged fertilization cones. Immature eggs which have been in 
hypertonic sea water and are then put back into normal sea water and 
sperm added, do not form these protrusions or react in any way to the 
sperm (Photograph 62). 


DISCUSSION 


Although a further investigation of parthenogenetic merogony in 
four other species of sea urchin has not resulted in obtaining further 
development after the blastula stage, it has shown that the possibility 
of activating non-nucleate parts of eggs is fairly general. It may be 
that eggs will go only as far as the blastula stage without nuclei, and 
that nuclear material is necessary for differentiation, perhaps furnishing 
both chemical substances and genes. 

All the non-nucleate parts will throw off a membrane, which is 
characteristic of the normal fertilized egg of its species, and they will 
all form an ectoplasmic layer and asters. The cleavage and early 
development does not seem to be dependent on any particular type of 
granule, for any type,—yolk, pigment or mitochondria, may be 
lacking in the different species and the egg still cleave. Cleavage is 
not dependent on a nucleus, for it may take place when it is completely 
absent or when it is present but intact and apparently inert. Nor is it 
dependent upon the presence of a spindle and asters as these may be 
centrifuged to another part of the cell and the cleavage plane come in 
without relation to them, as shown in a previous paper (1935). Clea- 
vage seems to be dependent rather on the physical and chemical state 
of the protoplasm itself and of its surface layer. An orderly succession 
of cleavages is not necessary for the production of a many-celled 
organism. The cytoplasm can break up irregularly into fragments 
both when nuclear material is present and when it is not, and yet give 
rise to a blastula quite similar to that obtained by successive cleavages. 
The lability of cleavage planes and their disappearance and reappear- 
ance is characteristic of some of these non-nucleate fractions, just as 
was found for normal eggs deprived of oxygen (E. B. Harvey, 1927). 
Cleavage, budding and fragmentation seem to be different expressions 
of the same state of cytoplasm or of the cell surface, or both, in its 
effort to subdivide itself into smaller entities. Whatever the cell with 
a nucleus has been observed to do in this respect, the same cell without 
a nucleus has been observed to do, at least for a certain period. At 
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the time of cleavage, a tendency for the egg to become amceboid seems 
to be an expression of the physical state of the surface, just as the 
appearance of asters is usually associated with the state of the interior 


protoplasm at this time. 
> 


SUMMARY 


1. The stratification, by centrifugal force, of the eggs of the four 
species of sea urchin occurring at Naples is described. 

2. The non-nucleate parts of the eggs of all four species can be 
activated by parthenogenetic agents. They throw off fertilization 
membranes characteristic of the species, and begin to develop. 

3. Development of the parthenogenetic merogones of Arbacia 
pustulosa is similar to that of Arbacia punctulata. 

4. The parthenogenetic merogones of Parechinus and Paracentrotus 
develop by a process of progressive fragmentation inside the fertiliza- 
tion membrane, similar to that occurring in the parthenogenetic 
normal egg which leads to normal free-swimming blastulz. 

5. Cleavage may take place in whole eggs while the nucleus is still 
intact. 

6. Certain changes take place in the immature egg similar to those 
of the mature egg when treated with parthenogenetic agents. 

7. No further development of eggs without nuclei has yet been 
obtained beyond the blastula. 
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AN EXPERIMENTAL STUDY ON MITOSIS IN THE 
SOMATIC CELLS OF WHEAT! 


H. W. BEAMS AND R. L. KING 


(From the Zoélogical Laboratory, State University of Iowa) 


In the normal mitotic division of a cell the fundamental processes 
are seen as constituting a perfectly integrated whole. However, occa- 
sionally in nature and frequently under experimental or diseased 
conditions, these basic codérdinated processes which occur in both the 
nucleus and cytoplasm become dissociated or suppressed, resulting in 
a failure to divide or abnormal division of the cell. 

There are numerous agencies which have been reported as modify- 
ing or inhibiting cell division, namely: cold, heat, anzsthetics, basic 
dye-stuffs, injury, disease, poisons, hypertonic and hypotonic solutions, 
centrifuging, various types of radiation and hybridization. Recently, 
geneticists have made use of these methods in an effort to induce 
polyploidy in both normal and hybrid species of plants with the hope 
of producing more profitable economic varieties. 

Our interest in this problem rests primarily in its cytological 
aspects, that is, to show how colchicine in certain concentrations and 


centrifuging at high speeds may affect the normal mitotic mechanism 
in rapidly dividing cells and, in addition, to analyze the mecha- 
nism that may eventually give rise to polyploids under experimental 
conditions. 


MATERIAL AND METHODS 
The variety of wheat which we have used in all experiments is 
known as ‘“‘Red Durham.”’ A large number of seeds were first soaked 
from 3 to 5 hours in tap water and from these only the most uniform 
in size and appearance were selected and placed in a moist chamber 
where they were allowed to germinate at 20° to 22°C. in the dark. 
After approximately 16 to 20 hours the growing parts of the wheat 
embryo were observed bursting through the surface of the swollen 
seeds. Some of the germinating seeds were then placed in various 
concentrations of colchicine ranging from 1 : 250 to 1 : 2000 for 30 
minutes to 12 hours. After treatment with colchicine they were 
washed in tap water and fixed immediately or allowed to stand in a 

moist chamber for various intervals before fixing. 
Others of the germinating seeds were placed in the rotor of the air 
turbine ultracentrifuge (Beams, Weed, and Pickels, 1933) and centri- 


1 Aided by grant from the Rockefeller Foundation for work on Cellular Biology. 
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fuged at various speeds giving forces from 15,000 to approximately 
100,000 times gravity. The best procedure for our studies has been 
to centrifuge the seeds at 100,000 times gravity for 10 minutes, after 


D 
Cc 


Text Fic. 1. Diagrams showing the mitotic components in certain plant and 
animal cells. A, C, animal cells; B, D, plant cells. 1, centriole; 2, polar center; 
3, traction, half-spindle, centromere, or chromosome fiber; 4, fiber attachment, 
centromere or kinetochore; 5, continuous spindle fiber; 6, interzonal fiber; 7, spindle 


of cytokinesis; 8, spindle remnant; 9, phragmoplast; 10, mid-bodies; 11, cell plate. 


which they were either fixed immediately or after they had recovered 
for varying lengths of time. 
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All materia! whether colchicine-treated or centrifuged has been 
fixed in Bouin’s solution and subsequently stained in Heidenhain’s 
hematoxylin. 

DESCRIPTION 


General 


That a mitotic spindle can be differentiated from the surrounding 
cytoplasm during cell division in many animal and plant cells seems 
amply demonstrated. However, many questions concerning the ori- 
gin, structure and function of the different elements of the spindle 
remain unanswered. Early studies upon the mitotic spindle and cur- 
rent elementary textbooks of biology generally describe it as composed 
of a single set of fibers. However, in animal cells it has been demon- 
strated to consist of a number of elements definitely correlated to 
function as a single unit (Text Fig. 1, A—C). In plants, too, it can 
be demonstrated that the spindle is made up of a number of different 
components derived from the nucleus, from the cytoplasm or from 
both (Text Fig. 1, B—D). No centrosomes or asters can be demon- 
strated in the higher plants comparable to those in many animal cells. 
However, physiological poles or centers where the spindle fibers con- 
verge seem to perform much the same function as do the centrosomes 
in animal cells. As far as we have been able to determine, no inter- 
zonal fibers comparable to those found in animal cells have been clearly 
shown for plants. Moreover, in the cells of higher plants the con- 
tinuous fibers are usually described as giving rise to the “spindle of 


cytokinesis’’ and the phragmoplast which eventually forms the cell 
° ° . ° - - © ., 
plate; in certain animal cells the continuous fibers appear to give rise 


to mid-bodies (see Fry, 1937, for a recent discussion on this point). 


The Effects of Colchicine 

The effects of colchicine upon dividing cells have been studied by 
a number of investigators (Dustin, 1934; Lits, 1934, 1936; Ludford, 
1936; Brues and Cohen, 1936; Allen, Smith, and Gardner, 1937; 
Blakeslee and Avery, 1937; Havas, 1937; Brues and Jackson, 1937; 
Okkels, 1937; Richards, 1937; Nebel and Ruttle, 1938).2 It seems to 
change the colloidal nature of the cytoplasm, thus inhibiting the 
physico-chemical changes that normally accompany cell division. In 
this way the achromatic spindle elements are prevented from forming, 
and the chromosomes are left stranded at the metaphase (Fig. 2). 
If, however, the cells are sufficiently affected by the colchicine, the 
divided chromosomes will break down and form a restitution nucleus 
with double the somatic number of chromosomes present. In other 
words, the nuclear changes characteristic of mitosis proceed more or 

2 See also, Walker, R. I., 1938. Am. Jour Bot., 25: 280. 
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less normally to metaphase, where chromosome movements are 
arrested much longer than usual. After an abnormally long delay at 
metaphase the chromosomes which are double separate, but only for 
a comparatively short distance because of the absence of spindle fibers, 
and an ameboid nucleus is finally formed (Figs. 3, 33). Under suit- 
able exposure to colchicine the same cell may pass through several 
cycles of this type, giving rise to a doubling of the chromosomes at 
each cycle (Figs. 6, 7, 29, 30). At each division of the chromosomes 
the cell body enlarges, as well as the nucleus, until the roots and shoots 
of the embryos so treated have grown greatly in diameter, simply as 
a result of the enlargement of the cells without division. The cyto- 
plasm of such cells is greatly vacuolated and the nucleus, in addition 
to containing an abundance of chromatin and, frequently, vacuoles 
also, possesses numerous nucleoli. We have counted as high as 75 
nucleoli in the nucleus of a cell of this type. In fact, the appearances 
of such cells in many ways are strikingly similar to those of certain 
tumor cells (compare with the figures of Levine, 1931). Cells affected 
to this extent seldom recover. 

Tissues that are exposed to suitable concentrations of colchicine 
for the proper time readily recover. For instance, those that have 


EXPLANATION OF FIGURES 


All drawings were made by Miss Bernette Bohen from colchicine-treated cells 
of the roots of germinated wheat seeds. 

Fic. 2. Cell arrested at metaphase. The chromosomes which have divided 
but which have not separated are much more loosely arranged than those in control 
cells at the same stage. 

Fic. 3. Restitution nucleus resulting from a condition as in Fig. 1. An 
incomplete cell wall is shown. 

Fic. 4. Binucleate cell. 

Fic. 5. Binucleate cell undergoing mitosis. 

Fic. 6. A ‘‘resting” cell that has passed through two or more divisions of the 
nucleus only. 

Fic. 7. Metaphase of a cell as in Fig. 6. Many more than the normal number 
of chromosomes are present. 

Fic. 8. Late anaphase showing a tripolar spindle. 

Fic. 9. Metaphase plate showing numerous constrictions of the chromosomes. 
Not all the chromosomes in the cell are shown. 

Fic. 10. One form of abnormal separation of the chromosomes in a cell that 
had partially recovered from colchicine treatment. 

Fic. 11. Three cells derived from a single tripolar spindle as in Fig. 8. 

Fic. 12. Cell showing small spindles between the scattered individual chromo- 
somes in a partially recovered cell. 

Fic. 13. Three irregular cells. The large U-shaped peripheral one contains one 
large nucleus and two smaller ones. The central one contains an abnormally large 
bean-shaped nucleus, the other cell being a small non-nucleated one. 

Fics. 14, 15, and 16. Dividing cells with more than the normal number of 
somatic chromosomes. Various types of abnormalities that occur in the separation of 
the chromosomes are shown. 

Fic. 17. One example of an abnormal cell that has resulted from an abnormal 
mitotic division similar to those illustrated in Figs. 14, 15, and 16. 
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passed through one mitotic cycle of the nucleus only may completely 
recover and, at the next mitosis, form a normal achromatic spindle 
mechanism and divide with double the somatic number of chromo- 
somes. It is the production of this and similar conditions that the 
geneticists are striving to attain. If, on the other hand, the effect of 
the colchicine treatment has been such that the cell recovers after a 
long arrest of the chromosomes at metaphase, many types of mitotic 
abnormalities may arise. Because of the great number of chromo- 
somes in our material it has not been possible to accurately count 
them. Nevertheless, with reasonable certainty it is possible to deter- 
mine those cells that have formed some multiple of the normal diploid 
number. 

In different regions of the same root in which mitosis has been 
arrested by colchicine we have found the chromosomes to vary from 
apparently the normal condition to that in which the chromosomes 
possess numerous constrictions (Fig. 9). Cells blocked at metaphase 
sometimes have their chromosomes abnormally scattered on the 
“equatorial plate” (Fig. 2). In fact, as pointed out by Brues and 
Cohen (1936), the chromosomes appear as though they actually re- 
pelled each other. Perhaps this condition is due to the absence of the 
controlling forces of the spindle fibers. When recovery takes place 


and the spindle or spindles start to appear, the loosely arranged chro- 


EXPLANATION OF FIGURES 


All figures were drawn by Miss Bernette Bohen from centrifuged cells of the roots 
of germinated wheat seeds. The centrifugal force in all cases has been directed 
approximately toward the bottom of the plate. 

Fic. 18. Prophase, showing chromatin displaced to the centrifugal end of the 
nucleus. 

Fic. 19. Metaphase, with chromosomes and spindle displaced to centrifugal 
end of the cell. 

Fic. 20. An unusual case where the chromosomes have been thrown free of the 
metaphase spindle. Not all the chromosomes are shown. 

Fic. 21. Late anaphase with most of the chromosomes separated from the 
spindle. The chromosomes are displaced centrifugally, the spindle centripetally. 

Fics. 22, 23, and 24. Cells in telophase, showing displacement of nuclei. No 
spindle fibers or phragmoplast..were observed in these cells. They had evidently 
disintegrated. 

Fic. 25. Binucleate cell resulting from a condition like that in Figs. 21, 22, 23, 
and 24. 

Fic. 26. A condition in our material where the chromosomes have been 
thrown centrifugally, and upon recovery have formed a restitution nucleus. 
Cytokinesis has taken place giving rise to one daughter nucleated cell (with a double 
set of somatic chromosomes present) and one daughter non-nucleated cell. 

Fic. 27. Tripolar cell. Cells of this kind give rise to three cells with an 
unequal number of chromosomes. 

Fic. 28. Cell showing constricted chromosomes that are shortened and 
thickened. This condition probably represents an injury effect. Not all the 
chromosomes in the cell are shown. 
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mosomes have a tendency to segregate into groups, each of which 
apparently induces, or, at least, is associated with a definite spindle. 
The chromosomes in each group are often quite unequal in number 
(Figs. 12, 14, 15, 16, 32, 35, 37), thus giving rise to nuclei and cells of 
unequal size (Figs. 11, 13, 17, 31, 32, 34). If recovery has been in- 
complete and the spindles poorly developed, the chromosomes do not 
separate normally and no cell plate, or an incomplete one, is formed 
between the nuclei, depending apparently on the degree of recovery. 

As previously mentioned, when no spindle is present the daughter 
chromosomes separate only a comparatively short distance and a 
restitution nucleus which is frequently greatly elongated or lobed is 
formed. If the chromosomes separate a greater distance during ana- 
phase and telophase, generally a binucleate cell results, the nuclei often 
being of unequal size depending upon the equal or unequal partition 
of the chromosomes (Fig. 4). These cells may later form two meta- 
phase plates (Figs. 5, 36). In cells like Figs. 3 and 33 an incomplete 
cell wall is formed. This condition has apparently resulted from a 
failure of the cell wall to cut through the large bean-shaped restitution 
nucleus which was formed before the cell wall was laid down. Many 


EXPLANATION OF FIGURES 


Photomicrographs of colchicine-treated and centrifuged cells from young roots of 
germinated wheat seeds. Figures 29 to 39 inclusive, colchicine-treated; Figs. 40 to 47 
inclusive, centrifuged. 

Fic. 29. Cell that had passed through two or more mitotic cycles of the nucleus 
only. Large ameboid nucleus containing many nucleoli is shown. 

Fic. 30. Division of a cell like that shown in Fig. 7. Many more than the 
normal number of chromosomes is present. 

Fic. 31. Five cells formed from an irregular mitosis as shown in Fig. 17. 

Fic. 32. Three cells in mitosis which have resulted from division of a single cell. 

Fic. 33. Same cell as drawn in Fig. 3. 

Fic. 34. Four cells of unequal size derived from a single abnormal mitosis as 
shown in Fig. 31. 

Fic. 35. Cell dividing abnormally with three groups of chromosomes; same cell 
as Fig. 14. 

Fic. 36. Two sets of metaphase chromosomes of unequal size in same cell. 

Fics. 37, 38, and 39. Other forms of multipolar conditions. 

Fics. 40 and 41. Centrifuged cells showing displacement of chromosomes in 
prophase (40) and metaphase (41). 

Fic. 42. Late anaphase showing displacement of mitotic figure. Bits of 
fragmented chromatin are seen in the centripetal end of the cell. 

Fic. 43. Telophase showing the displaced nuclei at the centrifugal end of the 
cell; the phragmoplast has not been displaced. Such a cell appears to give rise to a 
condition like that shown in Fig. 26. 

Fic. 44. Cell centrifuged at a slightly earlier stage in the mitotic cycle than 
that in Fig. 43. Here the phragmoplast is seen displaced to the centripetal end of the 
cell. 

Fic. 45. Binucleate cell. 

Fic. 46. Same cell as shown in Fig. 27. 

Fic. 47. Another type of mitotic abnormality similar to that shown in Fig. 46. 
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such instances of this and similar conditions were observed in our 
material. 

Abnormal mitoses like those illustrated in Figs. 8, 10, 12, 14, 15, 
16, 32, 35, 37, 38, and 39 obviously give rise to cells with various chro- 
mosome numbers. It is highly probable that cells of this type in- 
cluded in a plant with normal or polyploid cells that have recovered 
from the colchicine treatment divide for only a short time and even- 


tually disappear. However, we have not made a definite study of 


this point. 
Effects of Ultracentrifuging 

Plant cells and tissues have been centrifuged by several workers 
(Mottier, 1899; Andrews, 1915; Némec, 1915, 1929; Schaede, 1930; 
Kostoff, 1935, 1937, 1938; Luyet, 1935; Luyet and Ernst, 1934; Beams 
and King, 1935; etc.). 

The general effect of strong centrifugal force (150,000—400,000 
times gravity) upon the nucleus and cytoplasm of plant cells, i.e., the 
stratification of the materials in the order of their relative specific 
gravity, has been recently reported by us and need not be discussed 
here (Beams and King, 1935). 

During prophase the chromosomes are displaced by ultracentri- 
fuging and sometimes fragmented in the nucleus as illustrated in 
Figs. 18 and 40. In the metaphase many different effects of the 
ultracentrifuging are noted; for instance, in Figs. 19 and 41 the whole 
metaphase plate of chromosomes has been displaced to the centrifugal 
pole. The spindle is usually greatly distorted and in some cases seems 
to have disappeared completely. Just how the cell recovers from this 
condition is not altogether clear since we are unable to observe them 
in the living condition. However, in many instances at least, they 
apparently form a more or less normal anaphase and telophase except 
that the division takes place in the centrifugal end of the cell (Fig. 42). 
If this condition persists, it results in great discrepancy in size of the 
resulting daughter cells. In addition to displaced mitotic figures, many 
cells are seen with bits of fragmented chromatin resting free in the 
cytoplasm (Figs. 22, 42). In other cells which were fixed in anaphase 
following recovery from centrifugation in the metaphase multipolar 
spindles are present (Figs. 27, 46, 47). These spindles were probably 
formed as a result of the dispersal of the chromosomes by centrifuging. 
Conditions of this kind give rise to cells of unequal size and chromo- 
some number. The chromosomes in relatively rare cells are shortened, 
thickened, and show various constrictions (Fig. 28), probably an indi- 
cation that they have been injured as noted above. We have observed 
similar constrictions following colchicine treatment. 
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In a few cells which had been exposed to 100,000 times the force 


of gravity the chromosomes have been thrown free of the spindle 


(Fig. 20). Sometimes bits of chromatin which presumably contain 
the kinetochore or centromere remain attached to the spindle. This 
condition, which is relatively rare in wheat cells, is not uncommon in 
centrifuged embryonic chick cells (Beams and King, 1936). In ana- 
phase and telophase stages also the chromosomes may be completely 
separated from the spindle (Fig. 21). In this cell the chromosomes 
have been thrown centrifugally while the spindle with a few bits of 
chromatin has been displaced centripetally. Here, then, as in other 
cells (Schrader, 1934; Luyet, 1935; Beams and King, 1935; and others), 
the chromosomes are heavier and the spindle substance is lighter than 
the surrounding cytoplasm. 

In like manner, cells centrifuged in later telophase usually have 
their chromosomes or developing nuclei displaced to the centrifugal 
end, the ‘‘spindle of cytokinesis’’ and phragmoplast to the centripetal 
end of the cell (Figs. 22, 23, 24, 44). This condition almost invariably 
gives rise to a binucleate cell (Figs. 25, 45). Whether cytokinesis 
takes place in cells of this type apparently depends upon whether or 
not the phragmoplast had actually started to differentiate a cell plate. 
If the cell plate has started to appear in the center of the spindle, 
it is usually not greatly displaced (Fig. 43). Such a cell undoubtedly 
gives rise to a condition such as that shown in Fig. 26. Sometimes 
instead of the two displaced nuclei fusing as in Fig. 26, they remain 
distinct, thus forming one daughter cell with two nuclei, the other 
daughter cell being without a nucleus. If, however, the nuclei are 
displaced at a slightly earlier stage (Fig. 44), before the cell plate has 
definitely started to form, the “‘spindle of cytokinesis” is displaced to 
the centripetal end of the cell. In such cases no cell plate or wall is 
formed and a binucleate cell results much in the same way as that 
described by Némec (1929) in cells treated with nicotine. Both nuclei 
in cells of this kind form metaphase plates and divide simultaneously. 
If the spindles are situated close to each other, they apparently fuse 
in a manner suggested by J¢rgensen (1928) but we have never actually 
observed this condition. 

DISCUSSION 

There are numerous agents (see introduction) that will allow. the 
cells to undergo karyokinesis without the usual accompanying cyto- 
kinesis, but none are more suitable for this purpose than the narcotic 
alkaloid colchicine. As pointed out by Ludford (1936), Dixon (1905) 
seems to have been the first to observe many cells in division after 
treatment with colchicine. He concluded that its effect was to ‘‘ excite 
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karyokinesis.’"’ However, Dustin (1934) and Lits (1934) were the 
first to suggest that the effect of the drug was that of a mitotic poison. 
More recently papers by Ludford (1936), Brues and Cohen (1936), 
Allen, Smith, and Gardner (1937), Blakeslee and Avery (1937), Havas 
(1937), Brues and Jackson (1937), Nebel and Ruttle (1938) and others 
have shown that colchicine specifically inhibits the formation of an 
achromatic spindle so that mitosis is blocked at metaphase. After a 
long delay at metaphase the chromosomes do not separate normally 
and cytokinesis does not take place, thus giving rise to a double 
number of chromosomes within the cell. We have been able to sub- 
stantiate these general facts in this paper. In addition, the recovery 
stages of the cell from the colchicine treatment are interesting when 
viewed in the light of the mechanism of mitosis. 

The fact that an incompact metaphase plate is formed in colchicine- 
treated cells without spindles indicates that the spindle fibers exert a 
definite force which bears upon the arrangement of the chromosomes 
at this stage. Also, when the chromosomes are loosely arranged at 
metaphase and allowed to recover, separate spindles appear in con- 
nection with the various groups of chromosomes, regardless of their 
size. Such conditions would seem to indicate that in this material the 
chromosomes are capable of organizing or inducing a spindle. (How- 
ever, see the recent work of Gross, 1936, and Harvey, 1936.) Itisa 


fact of interest that in colchicine-treated cells the arrested metaphase 


chromosomes are apparently incapable of forming the traction or cen- 
tromere fibers which certain observers have described for the normal 
condition (Darlington, 1936; Carothers, 1936). 

Richards (1937) has shown that the effects of colchicine on yeast 
are to stimulate growth, instead of arresting it, as is the case in wheat 
and in many other tissues. Unpublished observations indicate that 
the division rate of Paramecium multimicronucleatum is not decreased 
by colchicine in concentrations up to } per cent. These observations 
are in agreement with the general view that the action of colchicine 
on mitosis is to inhibit the development of the achromatic spindle, 
since it is generally believed that yeast divides by amitosis. 

It has long been held (see Sharp, 1934, for literature) that the cell 
plate in higher plants is formed directly from the “spindle of cyto- 
kinesis’’ and phragmoplast which are thought to be a product of the 
continuous fibers of the spindle, although this is denied by Robyns 
(1926). If this condition is true, then it is easy to understand why no 
cell plate or cell wall is formed in colchicine-treated material. Incom- 
plete cell walls that sometimes form are, no doubt, in some way due 
to the abnormal development and function of the phragmoplast in 
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partially recovered cells. When the chromatic (chromosomes) and 
achromatic (spindle and polar centers) elements are thrown out of 
step at metaphase by the late appearance of the achromatic elements 
the chromosomes usually proceed to form a restitution nucleus. The 
abnormally late appearance of the phragmoplast in relation to the 
chromosome cycle, while sometimes capable of giving rise to a cell 
plate and wall, is unable to cut through the restitution nucleus. It 
would seem, therefore, that the mechanism that produces cytokinesis 
is incapable of cutting through the nuclear substance. 

It is now definitely known from the works of a number of authors 
(see Heilbrunn, 1928, for literature) that mitotic division is accom- 
panied by definite changes in the viscosity of the cytoplasm, which 
are essential for spindle formation. Most of the methods that have 
been used to inhibit cell division or dissociate karyokinesis from cyto- 
kinesis seem to do so by preventing these normal viscosity changes. 
By centrifuging normal and colchicine-treated material at the same 
speed for the same time we have attempted to determine whether or 
not an effective dose of colchicine changes the viscosity of the cyto- 
plasm. As a result we have found that the colchicine-treated cells 
show a more marked displacement of the chromosomes than does the 
control material, particularly at the metaphase stage. This indicates 
that a lowering of the viscosity in the colchicine-treated cells has taken 
place. However, it should be pointed out, as shown by Nebel and 
Ruttle (1938) for Tradescantia cells that cyclosis is not noticeably 
affected by the colchicine treatment. Colchicine in suitable concen- 
trations to arrest mitosis in wheat cells does not prevent the normal 
cyclosis in Paramecium, nor the changes in viscosity associated with 
locomotion in Ameba. 

In certain grain hybrids various observations suggestive of gonom- 
ery as described for certain animals (Wilson, 1925) have been pub- 
lished by Bleier (1930), who concludes that not only do species differ 
as to behavior of chromosomes, but also as to that of their spindle 
substance. This, he thinks is closely associated with the chromo- 
somes—he even suggests that each chromosome may have individual 
spindle substance which is different from that of other chromosomes 
of the same species. Darlington and Thomas (1937), who have pub- 
lished on similar hybrids, believe that there are two spindles, one 
derived from the cytoplasm (spindle) and one from the fiber attach- 
ment of the chromosomes (centromere spindle). Normal behavior in 
mitosis involves the integration of these two, but either may appear 
independently. In hybrids the normal relationship of these is dis- 
rupted, with resulting abnormal divisions much as in Bleier’s hybrids. 
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Various experimental treatments will cause similar abnormal divisions 
in somatic cells of non-hybrid material as shown by our observations. 

Wasielewski (1903, 1904) reported that somatic cells treated with 
chloral hydrate divide amitotically. Némec (1904) repeated the ex- 
periments of Wasielewski and was able to confirm, in general, his 
observations but could not agree with his interpretation that chloral 
hydrate caused the cells to divide by amitosis. On the other hand, 
Némec showed that the treatment with chloral hydrate produced an 
arrested mitosis resulting in many types of mitotic abnormalities. 
Némec further suggested that the polyploid condition frequently re- 
sulting from treatment with chloral hydrate eventually disappeared 
from the tissue by a process of heterotypical reduction comparable to 
that occurring in spore mother cells. This latter assumption has not 
been generally confirmed. Kemp (1910) and Sakamura (1920) par- 
ticularly have made extensive studies of the action of chloral hydrate 
upon dividing cells. In general they report that its effects on dividing 
cells is to induce mitotic abnormalities which are not unlike those 
described in this paper. 

Van Regemorter (1926) attributes the failure of normal spindles 
to form in chloralized cells to a destruction of the cell’s polarity; 
recovery from the effect of the reagent involving a return to the proper 
polarized condition of the spindle substance. 

Numerous methods for the production of polyploidy in somatic 
cells have been suggested by plant breeders, of which the following 
may be listed: (For a review of the literature on this subject see Wink- 
ler, 1916; Jérgensen, 1928; Lindstrom and Koos, 1931; Bhatia, 1938.) 

1. The failure or incomplete separation of the chromosomes at 
anaphase with the formation of a restitution nucleus with double the 
normal number of chromosomes present. 

2. The formation of a binucleate cell, due to the failure of develop- 
ment of the cell wall between the two resulting nuclei or its later 
disintegration. Some authors describe the nuclei as subsequently 
fusing and others as remaining separate. 

3. The fusion of two neighboring cells into one, usually the result 
of injury in grafting experiments or to disease. 

4. The union of the two metaphase spindles of a binucleate cell 
to form one giant one (‘‘endo-duplication’’). 

It will be evident from our description that we have observed in 
colchicine-treated and in centrifuged material all the conditions men- 
tioned in (1) and (2) as well as variations of them. We have never 
observed a fusion of neighboring cells after the cell plate had definitely 
formed. Neither have we observed a fusion of metaphase spindles of 
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binucleate cells, although we may assume that it does occur. We 
have observed what appeared to be a fusion of two separately induced 
spindles of the loosely arranged metaphase chromosomes in cells that 
had been treated with colchicine. 

It should be pointed out that the normal development of the 
spindle in higher plants seems to differ somewhat from that in animal 
cells. Some investigators believe, as pointed out by Lawson (1900) 
and Allen (1903), that the spindle in higher plants instead of being 
bipolar from the first and under the control of definite polar centers 
passes through a series of multipolar stages in the course of its de- 
velopment. Accordingly, in higher plants the looseness or incompact- 
ness of the spindle fibers, particularly at the polar centers, as compared 
to the condition in animal cells, may possibly offer an explanation as 
to why in the apparently normal tissue of plants more polyploid cells 
and irregular mitoses have been found than has been reported for 
animal cells. 

As previously pointed out, both plant and animal cells have been 
centrifuged by several workers (see Kostoff, 1938, for a recent review 
of the literature). In general it has been shown that the cell materials 
stratify in the order of their relative specific gravities. In most cases 
the chromosomes, particularly during mitosis, are displaced to the 
centrifugal end of the cell. Kostoff (1938) has been able to induce 
alterations in somatic chromosome sets of various plants. After cen- 
trifuging in an ordinary laboratory centrifuge he found that various 
results, such as the failure of the chromosomes to separate, of the cell 
to divide, and injury to the spindle, as well as the displacement of 
single chromosomes, have given rise to monosomic, trisomic, poly- 
somic, and various other forms of polyploid cells. 

For the most part, our work confirms that of Kostoff (1938) and 
others on the general results of centrifuging dividing cells. In addi- 
tion, certain effects of centrifuging on the “spindle of cytokinesis”’ 
and phragmoplast in relation to cell plate formation should be con- 
sidered here 

As seen above, there is good evidence that the ‘“‘spindle of cyto- 
kinesis’’ and phragmoplast give rise to the cell plate. According to 
Timberlake (1900) and others the cell plate is formed by a fusion of 
swellings occurring on the middle portion of the continuous spindle 
fibers. More recently it has been emphasized that the cell plate 
appears as a continuous film among the spindle fibers but not on them 
(Sharp, 1934, for references). However, the origin of this material 
which collects at the equator, and forms the cell plate is unknown but 
it has been claimed, according to Sharp (1934), by Dembouiski and 
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Ziegenspeck (1929), Damehl and Ziegenspeck (1929) to be derived 
from the nucleus. 

Notwithstanding the fact that in some plant material the cell plate 
forms independently of the spindle fibers, there is every reason to 
believe that in the typical condition the “spindle of cytokinesis”’ 
induces cell plate formation. This is especially clear from the work of 
Jungers (1931) on the endosperm of Iris. This is multinucleate, and 
after the last nuclear division, secondary spindles arise on the flanks 
of the spindles connecting daughter nuclei. These secondary spindles 
connect the nuclei with neighboring nuclei. The phragmoplasts grow 
out from the connecting spindles and meet in the secondary spindles, 
thus bringing about the inclusion of single nuclei within cell walls. 
In our material, if the spindle fibers and phragmoplast are displaced 
early enough in the cycle, no cell membrane or wall appears and the 
displaced spindle and phragmoplast eventually disintegrate. Accord- 
ingly, we conclude that the material forming the cell plate has been 
displaced in the centrifuge toward the centripetal end of the cell, where 
it rarely, if ever, forms a wall. This is interesting in view of our 
recent work on the eggs of Ascaris (Beams and King, 1937) where the 
cleavage substance (‘‘surface active material’’) is displaced by cen- 
trifuging, thus preventing cytokinesis although karyokinesis takes 
place more or less normally. 


CONCLUSIONS 


1. Colchicine markedly interferes with the dynamics of cell divi- 
sion. Dividing cells are arrested for an abnormally long time at meta- 
phase, at which time the chromosomes become loosely arranged and 
sometimes segregate into groups. No spindle or polar center is formed 
so that the daughter chromosomes do not separate normally. How- 
ever, eventually they form a single large restitution nucleus or occa- 
sionally two nuclei. In either case, no cell plate or wall is formed if 
the treatment has been sufficient, thus giving rise to double the somatic 
number of chromosomes within the cell. Some cells may pass through 
several cycles of this kind. 

2. Cells that have partially recovered from the colchicine treat- 
ment, particularly at metaphase, show many other types of mitotic 
abnormalities. We have counted as high as 7 spindles arising from 
one incompact set of metaphase chromosomes. Separate spindles may 
be induced by the abnormal grouping of the chromosomes at meta- 
phase, regardless of the size, of the single groups. Such abnormal 
spindles occurring in a single cell eventually give rise to several daugh- 
ter cells, usually of different sizes. 
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3. Evidence is presented which indicates that the effect of the 
colchicine treatment is to lower the viscosity of the cytoplasm, thus 
inhibiting the normal viscosity changes that accompany mitosis. This 


in turn prevents the formation of the polar centers and achromatic 


spindle. 

4. The use of colchicine is an excellent method to disengage the 
nuclear from the cytoplasmic processes in mitosis; a condition which 
would seem to indicate that they are independent in causation but 
related in effect. 

5. Centrifuging at high speeds stratifies the cell materials in the 
order of their relative specific gravity. Cells may recover from such 
treatment. 

6. In a few cells at metaphase the chromosomes are thrown free 
of the achromatic spindle. Usually, however, the whole spindle is 
displaced to the centrifugal end of cell. Recovery and subsequent 
division in such cells vary from the normal condition to that in which 
multipolar spindles are present. Such figures give rise to more than 
the normal number of daughter cells. 

7. Cells centrifuged while in anaphase or telophase before the cell 
plate has begun to form, have the chromosomes or developing nuclei 
displaced to the centrifugal end of the cell; the ‘spindle of cyto- 
kinesis’’ or developing phragmoplast to the centripetal end of the cell, 
where it seems finally to disintegrate. This condition usually gives 
rise to a binucleate cell. 

8. Evidence is presented that the cell plate-forming substance or 
organizer is displaced in much the same manner as is the cleavage 
substance in the centrifuged eggs of Ascaris, resulting, in both cases, 
in the failure of normal partition walls to form. 

9. Polyploidy is more frequent in plants than in animals, partly 
because of the fact that the polar centers are not definitely localized 
in the former. 
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